
PATTON BOGGS, L.L.P.
2550 M STREET, N.W.

WASHINGTON, D.C. 20037-1350
(202) 457-6000

FACSIMILE:(2021457-6315 wRITER’S DIRECT DIAL

(202)457-5270

June 22, 1998

Document Control Office (7407)
Office of Pollution Prevention and Toxics

:.?
.!

Room G-099 .. . ,

Environmental Protection Agency
.
: .“’”

401 M Street, S.W. ....

Washington, D.C. 20460
.“:, ,,
,.. .

.,

Re: OPPTS -42 187A: FRL-4869-1

Dear Sirs:

Enclosed, as requested, are three copies of the comments of the HAP Task Force _
on the proposed HAP test rule (61 Fed. Reg. 33178, as amended at 62 Fed. Reg.
67466). Three copies of the Appendix to the comments are also included.

The HAP Task Force appreciates the opportunity to comment on the proposed
rule.

Sincerely,

$[J IL- “’
W. Caffe Norman, III

Enclosures
;

,.-



r

BEFORE THE ENVIRONMENTAL PROTECTION AGENCY

COMMENTS ON PROPOSED TEST RULE
FOR HAZARDOUS AIR POLLUTANTS

HAP TASK FORCE
1800 Diagonal Road, Suite 500
Alexandria, VA 22314

PARTICIPANTS:
Borden, Inc.
TheDowChemical Company
Formosa Plastics Corporation, USA
The GEON Company
Georgia Gulf Corporation
Occidental Chemical Corporation
PPG Industries, Inc.
CONDEA Vista Company
Vulcan Materials Company
Westlake Group

OF COUNSEL:
W. Caffey Norman, III
Patton Boggs, L.L.P.
2550 M Street, N.W.
Washington, D. C. 20037

lullIIIIIIIIIIIIIIIIIllIIII
63980002272

CONTAINSNOCBI

,, -1

—
-)

i
LLJ

June 22, 1998

2-



I. INTRODUCTION . . . . .

TABLE OF CONTENTS

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

II. THE BASIS FOR THE TEST RULE IS SUSPECT . . . . . . .

A.

B.

The Statutory Findings for EDC, VDC, and

. . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . .

1,1,2 -Trichloroethane Cannot Be Suppofled . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1. The’’A’’ Findings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2. The ’’B’’Findings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3. Both Findings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

EPA Has Not Realistically Assessed Emissions
Patterns and Actual Risks to Human Health . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1.

2.

3.

1,1,2-Trichloroethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

a. The Low Exposure Profileof 1,1,2-Trichloroethane
Enables EPATo Base Determinations on Existing Data

b. Sufficient Information Is Available onthe Endpoints

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

for which Testing Would Be Required . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

i.

ii.
...
111.

iv.

v.

vi

vii.

Acute Toxicity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Subchronic Toxicity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Neurotoxicity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Developmental and Reproductive Toxicity . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Carcinogenicity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Immunotoxicity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

lnVivo Cytogenicity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

EDC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

i.

ii.
...
111.

iv.

VDC

Acute Toxicity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Subchronic Toxicity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Reproductive Toxicity

Neurotoxicity . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1

2

L

2

3

6

7

8

8

9

10

10

12

13

14

15

16

16

17

18

20

23

24

3



TABLE OF CONTENTS

C. EPA Failed To Consider the Impact of

III.

IV,

v.

MACTStandards on Exposure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

EPA SHOULD PROVIDE FOR TIERED TESTING, RATHER THAN
APPLYING OPTION THREE ACROSS THE BOARD . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

EPA HAS NOT SUFFICIENTLY EXPLAINED
THE PURPOSE OF THE TEST RULE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

A. EPA Has Not Shown how Data Developed under the
Test Rule Are Necessary for Residual Risk Determinations . . . . . . . . . . . . . . . . . . . . . . 29

1. EPA Has Not Prepared the Report on Residual Risk
Determinations Required by Statute . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

2. The Proposed Test Rule Does Not Serve the Goals Identified
by the Committee on Risk Assessment and Risk Management
for Residual Risk Determinations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

B. The Sta~te Does Not Require Residual Risk Analysis for VDC
and 1, 1,2-Trichloroethane, and Available Carcinogenicity Data
Suffice for Such Determinations for those HAPs as Well as EDC . . . . . . . . . . . . . . . . 31

C. The Alternative Justifications That EPA Provides
For The Test Rule Also Do Nonsupport Its Breadth . . . . . . . . . . . . . . . . . . . . . . . . . . ...33

EPA HAS ALREADY DETERMINED THAT THE AVAILABLE DATA
ARE ADEQUATE TO CONCLUDE THAT EDC DOES NOT PRESENT
AN UNREASONABLE RISK TO HEALTH OR THE ENVIRONMENT . . . . . . . . . . . 35

VI. ANY FINAL TEST RULE SHOULD APPLY TO PROCESSORS
AS WELL AS MANUFACTURERS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37



COMMENTS ON PROPOSED TEST RULE
FIX2RHAZARDOUS AIR pOJ ,T.UTANTS

I. INTRODUCTION

The HAP Task Force appreciates this opportunity to provide comments in response to

the proposal by the Environmental Protection Agency (EPA) to require inhalation testing for

21 (now 20) hazardous air pollutants (HAPs) under Section 4 of the Toxic Substances Control

Act (TSCA). 1 The proposed test rule would require testing for a number of endpoints,

including acute toxicity, immunotoxicity, neurotoxicity, carcinogenicity, and developmental

and reproductive toxicity. The HAP Task Force is a consortium of manufacturers of ethylene

dichloride (EDC), vinylidene chloride (VDC), and 1, 1,2-trichloroethane, three of the HAPs

that are the subject of the proposed test rule.

The HAP Task Force appreciates the efforts that EPA has made to provide for

alternative testing proposals focusing on use of existing oral data and pharrnacokinetic (PK)

modeling in lieu of conducting new studies by inhalation. The HAP Task Force submitted

such proposals for alternative testing for EDC and 1, 1,2-trichloroethane, and has replied

separately to EPA’s responses to these proposals. The Task Force has made clear that those

submissions and its ongoing discussions with EPA staff concerning possible enforceable

consent agreements (ECAS) are without prejudice to its position, elaborated in these

comments, that the proposed test requirements for EDC, VDC, and 1, 1,2-trichloroethane are

unauthorized by statute and unwise as a matter of policy. They would impose a significant

expense on the producers of these chemicals while yielding negligible public health benefits.

Members of the HAP Task Force also belong to the Chemical Manufacturers Association

(CMA), and the HAP Task Force supports and incorporates by reference the generic

comments submitted by CMA on the proposed test rule.

1 61 Fed. Reg. 33178 (June 26, 1996), subsequentlyextendedat 61 Fed. Reg. 67516, 62 Fed. Reg. 9142,
62 Fed. Reg. 14850,62 Fed. Reg. 29318, 62 Fed. Reg. 37833, 62 Fed. Reg. 50546, 62 Fed. Reg. 63299,
amendedand extendedat 62 Fed. Reg. 67467, and further extendedat 63 Fed. Reg. 5915 and 63 Fed. Reg.
19694.



II. BAS~ TFST RULE IS SUSPECZ

A. The Statutory Findings for EDC, VDC, and
L 1.2-Tritioroet~ot Be Suppofied

Section 4 of TSCA authorizes EPA to require testing for HAPs if it finds that the

following conditions are met: (A) that the manufacture, distribution in commerce, processing,

use, or disposal of a chemical substance or mixture, or any combination of such activities, may

present an unreasonable risk of injury to health or the environment; or (B) that a chemical

substance or mixture is or will be produced in substantial quantities and (i) it enters or may

reasonably be expected to enter the environment in substantial quantities, or (ii) there is or

may be significant or substantial human exposure to such substance or mixture. 2 To support

either finding, EPA must show that there are insufficient data and experience upon which the

effects of the manufacture, distribution in commerce, processing, use, or disposal of such

substance or mixture or of any combination of such activities on health or the environment can

reasonably be predicted. 3 EPA purports to justify the proposed test rule for EDC, VDC, and

1,1,2-trichloroethane under both Section 4(a)(l)(A) (the “A” finding) and Section 4(a)(l)(B)

(the “B” finding). As discussed below, the “A” findings are inadequate for EDC, VDC, and

1, 1,2-trichloroethane. As to the “B” findings, there are serious questions as to EPA’s use of

strictly numerical criteria. Even assuming that these criteria may be used, however, it is

apparent that exposure to 1, 1,2-trichloroethane and VDC do not meet the standard for

requiring testing under Section 4(a)(l)(B).

1. The II 1!Findings

Section 4(a)(l)(A) requires EPA to determine that manufacture, distribution,

processing, use, or disposal of the substance may present an unreasonable risk of injury to

health. This determination cannot be made in the abstract; rather, it requires an analysis of

human exposure to the substance and the potential for injury at such exposure levels. The

D .C. Circuit has held that EPA must “correlate the suspected toxicity of a substance with the

, 15 U.S.C. $ 2603(a).

3 Id.

-2-



suspected levels of exposure,”4 and that a test rule is warranted only “when there is a

more-than-theoretical basis for suspecting that some amount of exposure occurs and that the

substance is sufficiently toxic at that exposure level to present an ‘unreasonable risk of injury

to health.’”

For EDC, VDC, and 1, 1,2-trichloroethane, EPA has completely failed to show a

relationship between expected exposure scenarios and the health effects endpoints for which it

would require testing. In the case of 1, 1,2-trichloroethane, for example, EPA must show not

that the substance may pose a risk of reproductive, developmental, or other effects for which it

proposes testing at some imagined human exposure, but at the levels approaching the limits of

detection at which actual human exposure occurs.

Another flaw in EPA’s approach is its failure adequately to identify why it thinks these

HAPs may pose the risks identified.5 By far the most significant defect in the “A” findings,

however, is EPA’s effort to transform a single finding of an “unreasonable risk of injury to

health” (i.e., carcinogenicity) into carte blanche authority to require any testing necessary to

address unanswered questions about the effects of the chemical substance. The Task Force

submits that Congress did not intend for Section 4 of TSCA to authorize EPA to impose

regulatory requirements costing vast amounts of money to investigate unrelated health effects

of a substance just because it may pose a carcinogenic risk. Again using the example of

1,1,2-trichloroethane, it is inexplicable that EPA would propose to require developmental and

reproductive toxicity testing on the basis of an “A” finding based on oncogenicity, and liver,

kidney, and neurotoxicity.

2.

For all 20 HAPs, the proposed test rule is also based on Section 4(a)(l)(B) --

production in substantial quantities and substantial human exposure.G It is clear, however, that

human exposure to 1, 1,2-trichloroethane and VDC are not “substantial” for purposes of TSCA

under the guidelines set by EPA itself.

4 CA4Av. EPA, 859 F.2d 977, 995 (D.C. Cir. 1988)(emphasisadded).

5 See TSCA Section4(a) StatutoryFindings, 61 Fed. Reg. at 33190-93.

6 61 Fed. Reg. at 33193.

-3-

7’



On May 14, 1993, EPA published a statement of policy, known as “the B Policy, ”

articulating the standards and criteria for implementing its authority to require testing under

the substantial production, release, and exposure provisions of TSCA.7 The Agency set forth

as general benchmarks for “substantial exposure” for purposes of the statute exposure of

100,000 members of the public, 10,000 consumers, or 1,000 workers.8 In the case of

1, 1,2-trichloroethane and VDC, these threshold figures are not met.

In the preamble to the proposed rule and its supporting documents, EPA presents no

data, not even estimates, regarding exposure of the general population to

1, 1,2-trichloroethane. Instead, the primary basis for finding substantial exposure to

1, 1,2-trichloroethane is EPA’s assertion that 1,036 workers were exposed to it. This figure is

based solely on an estimate from the National Occupational Exposure Survey (NOES)

conducted by the National Institute of Occupational Safety and Health (NIOSH) from 1981 to

1983.9 This fifteen-year old database was of dubious accuracy at the time it was conducted,

and certainly should not be considered a reliable indicator of current workplace exposure.

The NOES survey sample has been criticized for including only one percent of the

500,000 establishments listed in the Dun and Bradstreet market identifier file as of 1980.10 In

addition, NIOSH sampled large facilities more often than smaller ones, and the smaller ones

that it did sample were generally not representative of typical facilities. The results of such an

incomplete sampling are subject to question, and the value of the data compiled is limited.

Yet another flaw in the NOES survey was its failure to obtain qualitative information,

such as the reamer in which employees were exposed to the chemicals, the duration and

concentration levels of exposure, or whether protective measures reduced exposure levels.

Instead of detailing these circumstances, the NOES survey simply designates exposures as

“part-time” or “fill-time.” One can only wonder whether EPA would be accepting of a

1 58 Fed. Reg. 28736(May 14, 1993).

8 58 Fed. Reg. at 28742.
9 EnvironmentalProtectionAgency, TSCA Section 4 Findings For 21 Hazardous Air Pollutants: A
Supporting Document for Proposed Hazardous Air Pollutants Test Rule (June 25, 1996)(“Section 4 Findings”), p.
75. The details of the 1981-1983NOES survey appear in the docket in a NIOSHcomputerprintout dated March
29, 1989.

10 Deems A. Buellet al., “AnAssessmentof the NationalOccupationalExposureSurvey.”

-4-
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manufacturer-sponsored survey that failed to include large segments of the relevant population,

and lacked qualitative data. In making a factual finding to justify testing requirements, EPA

should subject itself and its data to the same scrutiny that the industry must meet.

The fifteen-year-old NOES approximation of workplace exposure, regardless of the

questions as to its accuracy in 1983, does not reflect the number of workers exposed to

1, 1,2-trichloroethane at this time. Due to workforce reductions in the chemical and processing

industries, the number is now far lower. The HAP Task Force conducted a survey and

determined that across all the firms that manufacture and process 1, 1,2-trichloroethane, no

more than 476 workers are even potentially exposed to 1, 1,2-trichloroethane. 1* Of these, at

least 83, while potentially exposed, are not actually exposed to 1,1,2-trichloroethane at

detectable levels, and an additional 36 workers are included only because it is possible that

they might be exposed to 1, 1,2-trichloroethane byproduct on an irregular basis as a result of

EDC production processes.

Similarly, in the case of VDC, the only numbers for exposure that EPA could produce

in its “B” finding were based on the 1981-1983 NOES survey, which estimated that 2,675

workers were exposed to VDC. As noted above, the accuracy and methodology of the NOES

survey was subject to significant criticism at the time it was conducted, and in any event is

now fifteen years old, and does not reflect the current state of the industry. At the present

time, the only U.S. manufacturers of VDC are The Dow Chemical Company and PPG

Industries. These two manufacturers have done a survey of their own operations and those of

their customers who use VDC, and estimate that the total number of workers potentially

exposed is 710, well below the 1,000-worker threshold. 12 Even among these workers, the

potential for exposure is small, because VDC is used in closed systems in the production of

other products. For those specific tasks where direct VDC exposure is possible, employees

utilize respirators or other breathing apparatus devices.

Aside from the fifteen-year old NOES numbers, EPA provides no other estimates of

human exposure to VDC, except to note that “the general population may be exposed from

Ii Table A, attached.

12 Table B, attached.



emissions from facilities involving the manufacturing, use, and processing of VDC. ”13 The

HAP exposure profile for VDC prepared in 1995 indicates, however, that its ambient air

levels are extremely low. 14 A review of 325 samples in urban and suburban areas of the

United States found that median, 75th percentile, and maximum concentrations of VDC were

0.0050, 0.0075, and 0.14 ppb respectively. In two rural areas, concentrations were less than

0.005 ppb and 0.065 ppb. Of approximately 300 breath samples taken in Elizabeth and

Bayonne, New Jersey, only twelve percent contained quantifiable levels of VDC at 0.2-2

pg/m3. Even in “source dominated areas, ” the median and maximum concentrations were 3.6

and 6.7 ppb respectively. In two cities where VDC was manufactured -- Freeport, Texas and

Lake Charles, LA -- the mean concentrations were 0.13 ppb and 6.7 ppb respectively. These

low levels of ambient air concentration belie EPA’s bald assertion of substantial exposure

among the general population.

In light of these hard data, EPA’s justifications for imposing testing requirements for

1, 1,2-trichloroethane and VDC do not withstand scrutiny. The HAP Task Force recognizes

that EPA has discretion to find substantial exposure in situations where the quantitative

numerical thresholds of the B Policy are not met, if additional factors exist. There is no

indication, however, that EPA based its decision on any additional factors. The only

explanation provided in the background documents for the proposed test rule is the perfunctory

invocation of the 1981-1983 NOES estimates of worker exposure and the vague possibility of

exposure among the general population. If these are shown to be erroneous -- as they have

been by the more recent survey data submitted by the HAP Task Force -- EPA is without

authority to impose the testing requirements for 1, 1,2-trichloroethane and VDC.

3. Both Findings

To support either an “A” or a “B” finding, EPA must show that there are “insufficient

data and experience” to determine or predict the effects of a chemical on human health and the

environment. The HAP test rule is predicated on the assertion that the data to be required are

13 Section 4 Findings, p. 83.

14 SyracuseResearchCorporation, EnvironrnentalScienceCenter, Exposure Profiles for HAPs - Group 1,
(August 1995),p. 4.
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necessary for EPA to conduct residual risk analyses. EPA has not described how it will

conduct residual risk analyses, even though Section 112(f’)(1) of the Clean Air Act requires ‘it

to do so by November 1996. In any event, Section 112(f)(2) of the Act requires EPA, within

eight years of adopting technology-based standards, to adopt additional standards protecting

public health with an ample margin of safety if those technology-based standards have not

reduced excess cancer risk to the individual most exposed to known or suspected carcinogenic

emissions from a source to a level of less than 1 in a million (1 x 10”6).

Existing data for EDC, VDC, and 1, 1,2-trichloroethane have been judged adequate by

EPA to develop unit risk estimates of carcinogenic potency. As discussed below, it is

extremely unlikely that any other health effect would cause the residual risk determined by

EPA from sources of these HAPs to be higher than the estimated carcinogenic risk, and

therefore result in more stringent emissions standards than those that will be based on potential

carcinogenicity. A general statement by EPA as to why it considers portions of the

toxicological data base for these compounds inadequate cannot justi~ this test rule unless the

inadequacy will in some way be relevant to the residual risk determination.

B. EPA Has Not Realistically Assessed Emissions
Patterns and Actual Risks to Human Health

In developing the proposed test rule, EPA has not factored the likelihood of human

exposure into its considerations. This is a fimdamental error, particularly in light of the

Agency’s statement that the primary purpose of the test rule is to develop data for residual risk

determinations under the Clean Air Act. EPA appears to have made no attempt to determine

general population exposures from industrial releases, or to gauge the impact that the ongoing

implementation of maximum achievable control technology (MACT) standards under Section

112 of the Clean Air Act will have on those releases. The potential for exposure as a result of

industrial releases varies greatly among the HAPs, but EPA pays it scant attention. For those

HAPs produced primarily as byproducts (i.e., 1, 1,2-trichloroethane), used as feedstock (i.e.,

EDC, VDC), or both, emissions will be very low even though production may be high. Low

emissions mean that ambient air concentrations are

-7-
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Because EPA fails to consider emissions patterns and exposure levels, its finding that

existing data are insufficient to enable it to determine whether the HAPs present an

unreasonable risk to health or the environment is flawed. The proposed test rule would

require testing where it is not warranted by the exposure data, and would mandate submission

of information that in all likelihood will be completely irrelevant to any residual risk

determination. If the emissions patterns and exposure levels for EDC, VDC, and

1, 1,2-trichloroethane are taken into account, the existing data, combined with exposure

models, are clearly sufficient for EPA’s purposes.

1. Tric.hloroe-

a. The Low Exposure Profile of 1, 1,2-Trichloroethane
Enab es EPA TO Base Detennmmons on Exlstmg Da-1a1

. . . .

Exposure to 1,1,2-trichloroethane is very low. It is produced almost entirely as a

byproduct in the production of EDC or as a captive intermediate in the production of VDC.

Only one manufacturer markets 1, 1,2-trichloroethane, and it sells less than 3 million pounds

fewer than 10 customers. The Agency for Toxic Substances and Disease Registry (ATSDR)

examined ambient air concentrations of 1,1,2-trichloroethane and concluded that “[w]here

to

1,1,2-trichloroethaneis found, levels appear to be about 10-50 ppt [parts per trillion]. ”15 This

low environmental exposure is consistent with available information on the product’s use.

ATSDR found that “[n]o use with significant consumer and general population exposures has

been identified. ”‘G

The minimal exposure profile of 1, 1,2-trichloroethane and the existing information as

to its health effects indicate that EPA can -- instead of imposing nearly $4 million in test

requirements on industry -- conduct a screening analysis and determine that the risk to health

and the environment is minute based on the existing data. In fact, EPA has performed such

risk assessments for 1, 1,2-trichloroethane in the past. For example, the Agency’s Integrated

Risk Information System (IRIS) provides a unit risk estimate (or cancer potency) for

15 Agencyfor Toxic Substancesand DiseaseRegistry, Toxicological Projile for 1,1, 2-Trichloroethane
(1989), p. 63 (Appendix,Tab 1).

16 id., p. 61.



1,1,2-trichloroethaneof 1.6x 10-5. Indrinking water, themaximum contaminant level goal

(MCLG) is 3 pg/1, which according to EPA corresponds to a theoretical cancer risk of 1 x

10-5,and the maximum contaminant level (the enforceable limit) is 5 pg/1, the same as for

organic contaminants which have an MCLG of zero. The data supporting these

determinations, when combined with what is known about the exposure profile for

1, 1,2-trichloroethane, provide sufficient information for EPA to conduct a screening analysis

and make residual risk determinations. Expensive testing for other endpoints is unnecessary.

A specific illustration of this point is provided by an evaluation of air concentrations of

1,1,2-trichloroethane at the fenceline of one of the fewer than 20 U.S. facilities where EDC is

produced, specifically, the Dow Chemical Company facility in Lake Jackson, Texas. Actual

monitoring data immediately outside the facility showed that out of 306 samples, 97% were

non-detects for 1,1,2-trichloroethane at 0.55 pg/m3. Only three values exceeded the detection

limit. Put another way, only three samples exceeded an upper bound potential cancer risk of 9

x 10-6(using the EPA unit risk estimate of 1.6 x 10-5). In light of the negligible risk of cancer

using a nonthreshold model, it seems inconceivable that significant reproductive or

developmental toxicity or other health effects would result from current or future anticipated

exposure scenarios for 1, 1,2-trichloroethane.

b. Sufficient Information Is Available on the Endpoints
for which Test ing Would Be Requ redi

The proposed test rule would require the following tests for inhalation exposure to

1, 1,2-trichloroethane: acute toxicity, subchronic toxicity, developmental toxicity, reproductive

toxicity, neurotoxicity, carcinogenicity, in vivo cytogenicity, and immunotoxicity. The

estimated cost for these tests totals approximately $3.8 million. A review of the data currently

available on 1, 1,2-trichloroethane reveals that much of this testing is umecessary. Oral

studies have already been performed in four of the eight areas of testing listed by EPA --

subchronic toxicity, neurotoxicity, carcinogenicity and immunotoxicity. These can serve as

the basis for route-to-route extrapolation, a much more cost-effective means of determining the

safety of inhalation exposure. Of the remaining four areas in which EPA has proposed testing,
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only limited inhalation studies (if any) will be necessary to evaluate acute toxicity, and

developmental and reproductive studies and in vivo cytogenicity studies should not be

necessary at all. Accordingly, EPA’s needs can be satisfied by the existing data, supplemented

with some limited modeling as necessary.

Acute Tom.@
. .

i.

While EPA could not identifi sufficient inhalation or oral studies to assess acute

toxicity, little additional information is necessary due to the physical and chemical properties

of 1, 1,2-trichloroethane. EPA has classified 1,1,2-trichloroethane as a Category 3 inhaled

chemical -- water soluble/perfusion limited. Consequently, effects on the lung (portal of

entry) are unlikely. This is borne out by studies showing little or no damage to the lungs

following inhalation exposure to 1,1,2-trichloroethane, and that 1, 1,2-trichloroethane does not

accumulate in the lungs following inhalation exposure, but rather distributes rapidly to other

tissues. 17 The only justification for collecting acute toxicity data (including for the lung) for

1, 1,2-trichloroethane would be to support the development and validation of PBPK models to

be used for other endpoints.

SubChronic TOX city
. .

ii. 1

Available oral data, summarized below and in the attached Table 1, provide adequate

information for a complete assessment as to the subchronic effects of 1, 1,2-trichloroethane:

. White et al. (1985) (Appendix, Tab 2) - Groups of 32-48 male and
32-48 female CD-1 mice were exposed to doses of O, 4.4, 46, or 305
mg/kg-day (males), or O, 3.9, 44, or 384 (females) 1, 1,2-trichloroethane in the
drinking water for 90 days. Drinking water consumption and body weight
gain were reduced in concentration-dependent manner in male mice, but not in
female mice. Absolute liver and kidney weights were decreased in male mice
receiving 46 or 305 mg/kg-day; however, this was not observed when organ
weights were expressed relative to body weight. Liver weights were
significantly increased (absolutely and relatively) in female mice exposed to
the highest dose. Absolute spleen and kidney weights were also elevated in
this group. Hematological changes in male mice did not appear to be

17
Bonnet, et al., Determination of lhe Median Lethal Concentration of Principal Chlorinated Aliphatic

Hydrocarbons in the Rar, Arch. Mal. Prof. Med. Trav. Secur. Sot. 41:317-321(1980) (French); Takahara, K.,
ExperimentalStudieson Toxicityof Trichloroethane: Part 1, Organ Distribution of 1,1,1- and
1,1, 2-Trichloroethanes in Exposed Mice, OkayamaIgakkaiZasshi 98:1079-1090(1986) (Japanese).
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significant. However, hemoglobin and hematocrit values were significantly
decreased in female mice exposed to the highest dose. Fibrinogen was
increased in all exposed females, however this was not in a dose-dependent
reamer. Prothrombin time was significantly decreased in a dose-dependent
manner in female mice exposed to 44 or 384 mg/kg-day. In male mice, serum
cholesterol and serum alkaline phosphatase activity was significantly increased
at the highest dose. In female mice, serum cholesterol and SGPT activity was
significantly increased at the highest dose. Liver glutathione was significantly
decreased in a dose-dependent manner in males exposed to the two highest
doses, but was increased in females exposed to the highest dose. The
dose-response information from female mice were used to base a LOAEL and
NOAEL since they present a more consistent pattern of toxicity. This study
identifies a LOAEL of 384 and a NOAEL of 44 mg/kg-day for increased liver
weight, serum cholesterol, and SGPT activity, and decreased (10%)
hemoglobin and hematocrit in female mice.

. NC] (1978) (Appendix, Tab 3) - Groups of 50 male and 50 female rats
(Osborne-Mendel) were exposed to each of two dose levels via corn oil
gavage, 5 days/week for 78 weeks. Two control groups (vehicle and
untreated) of 20 animals/sex were also included in the study. Initial doses of
O, 30, and 70 mg/kg-day were raised to O, 50, and 100 mg/kg-day after week
8 since animals seemed to tolerate exposure. Time-weighted average doses of
O, 46, and 92 mg/kg-day were calculated by the study authors. There was no
appreciable difference in mortality or body weight gain from controls.
However, high mortality was noted in the vehicle control group. During the
first 6 months, the incidence of clinical signs (i.e., appearance and behavior
changes) were comparable between exposed and control animals. However,
after 6 months, exposed animals exhibited a higher frequency of hunched
appearance, rough fur, urine stains, wheezing, dyspnea, and squinted eye
(sometimes with reddish exudate). Histopathological examinations revealed no
significant differences between exposed and control animals for noncancer
effects in any tissue site (including the respiratory tract). This study identifies
a NOAEL of 92 mg/kg/day for histopathological changes.

. NCI (1978) (Appendix, Tab 3) - Groups of 50 male and 50 female mice
(B6C3F1) were exposed to each of two dose levels via corn oil gavage, 5
days/week for 78 weeks. Two control groups (vehicle and untreated) of 20
animals/sex were also included in the study. Initial doses of O, 150, and 300
mg/kg-day were raised to O, 200, and 400 mg/kg-day after week 20 since the
animals seemed to tolerate exposure. Time-weighted average doses of O, 195,
and 390 mg/kg-day were calculated by the study authors. Mortality was
significantly increased in exposed female mice, although this may not have
been dose-related (mortality was greater in the low dose group compared to
the high dose group). In any event, the number of animals surviving the entire
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exposure exceeded the requirement of the OPPTS guideline for number of
animals/dose group (10/sex/group). For male, there was no appreciable
difference in mortality from controls. Body weight gain was not affected in
either sex. Clinical signs (i. e., appearance and behavior changes) were
observed at comparable rates in exposed and control groups.
Histopathological examinations revealed no significant differences between
exposed and control animals for noncancer effects in any tissue site (including
the respiratory tract). This study identifies a NOAEL of 390 mg/kg-day for
noncancer

Oral data,

histopathological effects in all tissues examined.

...
Neurotoxlclty

. .
111.

summarized below and in the attached Table 2, provide a sufficient basis for

EPA to assess the neurotoxicity of 1,1,2-trichloroethane:

. White et al. (1985) (Appendix, Tab 2) - Seven groups of male and
female CD-1 mice were administered a single dose of 200 to 600 mg/kg
1, 1,2-trichloroethane via gavage. Sedation and loss of righting reflex were
noted in mice soon after receiving a single gavage dose of 450 mg/kg
1, 1,2-trichloroethane or more. These animals recovered four hours after
exposure. No gross changes to the central nervous system were noted upon
necropsy. This study identifies an acute LOAEL of 450 mg/kg for the
anesthetic effects of 1, 1,2-trichloroethane.

. NC1 (1978) (Appendix, Tab 3) - Groups of 50 male and 50 female rats
(Osborne-Mendel) were exposed to each of two dose levels via com oil
gavage, 5 dayslweek for 78 weeks. Two control groups (vehicle and
untreated) of 20 animals/sex were also included in the study. Initial doses of
O, 30, and 70 mg/kg-day were raised to O, 50, and 100 mg/kg-day after week
8 since animals seemed to tolerate exposure. Time-weighted average doses of
O, 46, and 92 mg/kg-day were calculated by the study authors. During the
first 6 months, the incidence of clinical signs (i. e., appearance and behavior
changes) was comparable between exposed and control animals. However,
after 6 months, exposed animals exhibited a higher frequency of hunched
appearance, rough fir, urine stains, dyspnea, and squinted eye (sometimes
with reddish exudate). Histopathological examinations revealed no significant
differences between exposed and control animals for noncancer effects in the
brain or nerves. This study identifies a NOAEL of 92 mg/kg-day for
histopathological effects on the central nervous system.

. NCI (1978) (Appendix, Tab 3) - Groups of 50 male and 50 female mice
(B6C3F1) were exposed to each of two dose levels via corn oil gavage, 5
dayslweek for 78 weeks. Two control groups (vehicle and untreated) of 20
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animals/sex were also included in the study. Initial doses of O, 150, and 300
mg/kg-day were raised to O, 200, and 400 mg/kg-day after week 20 since the
animals seemed to tolerate exposure. Time-weighted average doses of O, 195, 4
and 390 mg/kg-day were calculated by the study authors. Clinical signs (i.e.,
appearance and behavior changes) were observed at comparable rates in
exposed and control groups. Histopathological examinations revealed no
significant differences between exposed and control animals for noncancer
effects in the brain and nerves. This study identifies a NOAEL of 390
mg/kg-day for histopathological changes.

iv. De ekpmental and Reproductv ive Toxi@

Testing for developmental and reproductive toxicity of 1,1,2-trichloroethane is

unnecessary. A review of the available data quickly reveals that the likelihood of

developmental and reproductive toxicity is negligible.

EPA posits a data gap for the developmental and reproductive toxicity of

1, 1,2-trichloroethane, based on the availability of only a single study. That developmental

study, by Seidenberg et al., exposed mice to 1, 1,2-trichloroethane during gestation. While

significant toxicity was observed in the mice, no effects were observed in the pups to which

they gave birth.’8 Although this study suffers from certain limitations (single dose tested,

short exposure duration), it demonstrates a lack of developmental effects for

1,1,2-trichloroethaneat a dose approximate to the maximum tolerable dose. Little information

would be obtained from additional study since the testing of higher doses would only result in

greater maternal toxicity, while the testing of lower doses would only confirm the absence of

developmental effects at lower levels.

The weight of the available evidence on the developmental and reproductive effects of

1, 1,2-trichloroethane, the potential for exposure, and the current regulatory structure all

support the conclusion that the testing proposed is not necessary.

Although there is little information available regarding the potential for developmental

effects of 1, 1,2-trichloroethane, the data suggest that developmental effects are not of primary

concern for chlorinated ethanes in general. Most studies have reported either no

18 Groups of 30 ICR/SIM mice were exposedto O(vehiclecontrol)or 350 mg/kg-ciay1,1,2-trichloroethane
on days 8 through 12of gestationvia com oil gavage. Significanttoxicity (3 deaths)was observedin exposed
animals. However, no effectswere observedon pup viability, pup weight, litter size, or terata. The dose level of
350 mg/kg-dayserves as a LOAEL for material toxicityand a NOAELfor developmentaleffects. Seidenberg,et
al., Teratogenesis, Carcinogenesis, and Mutagenesis, 6:361-374 (1986) (Appendix,Tab 4).
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developmental effects or effects only at very high concentrations of chlorinated ethanes. 19

Therefore, when the negative results of the Seidenberg study are considered along with the

weight of the negative evidence for structurally related compounds, additional study on the

developmental effects of 1,1,2-trichloroethane does not appear to be necessary, particularly

where potential human exposures are minimal and will remain minimal due to the potential

carcinogenic risk.

Studies in which reproductive tissues were histopathologically evaluated have generally

reported negative results. For example, in the NCI bioassay, no histopathological effects were

observed in the testes, prostate, tunics vaginalis, uterus, mammary gland, and ovary in rats

exposed orally to 46-92 mg/kg-day or in mice exposed orally to 195-390 mg/kg-day for 78

weeks .20

Available data also suggest that, as is the case with developmental effects, reproductive

effects are not of primary concern for chlorinated ethanes in general. In this case as well,

most studies have reported either no reproductive effects or effects only at very high

concentrations of chlorinated ethanes .21 In light of 1, 1,2-trichloroethane’s lack of

histopathological effects on reproductive tissues, and the negative available data on structurally

related compounds and very low human exposure

reproductive effects of 1,1,2-trichloroethane does

potential, additional study on the

not appear to be necessary.

Carcinogenlclty
. .

v.

There are adequate bioassay data, described below and in the attached Table 3, to

assess the carcinogenicity of 1, 1,2-trichloroethane:

. NCI (1978) (Appendix, Tab 3) - Groups of 50 male and 50 female rats
(Osborne-Mendel) were exposed to each of two dose levels via corn oil
gavage, 5 dayslweek for 78 weeks. Two control groups (vehicle and
untreated) of 20 animals/sex were also included in the study. Initial doses of
O, 30, and 70 mg/kg-day were raised to 0,50, and 100 mg/kg-day after 8 days
of exposure. Time-weighted average doses of O, 46, and 92 mg/kg-day were

19
See Appendix,Tab 5 for a table summarizingthe developmentaltoxicitydata for chlorinatedethanes.

20 NationalCancer Institute, Bioassay of 1,1, 2-Trichloroerhane for Possible Carcinogenicity, 1SS
DHEW/PUB/NIH-78-1324 (1978) (Appendix,Tab 3).

21
See Appendix,Tab 6 for a table summarizingthe reproductivetoxicitydata for chlorinatedethanes.
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calculated by the study authors. High mortality was noted in the vehicle
control group. Animals were followed up to 34 weeks after exposure. No
statistically significant increase in tumor incidence was observed in exposed
rats. The authors concluded that there was no convincing evidence for the
carcinogenicity of 1,1,2-trichloroethane in rats. However, the maximum
tolerable dose may not have been achieved in this study.

. NCZ (1978) (Appendix, Tab 3) - Groups of 50 male and 50 female mice
(B6C3F1) were exposed to each of two dose levels via com oil gavage, 5
days/week for 78 weeks. Two control groups (vehicle and untreated) of 20
animals/sex were also included in the study. Initial doses of O, 150, and 300
mg/kg-day were raised to O, 200, and 400 mg/kg-day after week 20 of
exposure. Time-weighted average doses of O, 195, and 390 mg/kg-day were
calculated by the study authors. Animals were followed for up to 12 weeks
following exposure. Mortality was significantly increased in exposed female
mice, however this may not have been dose-related (mortality was greater in.
the low dose group compared to the high dose group). The incidence of
hepatocellular carcinomas was significantly increased in exposed mice of both
sexes. Additionally, adrenal pheochomocytomas were elevated in female
mice. The authors concluded that 1, 1,2-trichloroethane was carcinogenic to
mice under the conditions of this bioassay.

EPA has used these data to develop both oral and inhalation cancer potency factors on

the IRIS data base (Appendix, Tab 7). A repetition of the cancer bioassay for

1,1,2-trichloroethane would not be a justifiable use of laboratory animals, particularly in light

of the fact that a chronic bioassay (by subcontoneous

1988).22

. .
vi.

injection) is also available (Norpoth et al.

Adequate data are available to assess the irnmunotoxicity of 1, 1,2-trichloroethane, as

described below and in the attached Table 4:

. Sanders et al. (1985) (Appendix, Tab 8) - Groups of 32-48 male and
32-48 female CD-1 mice were exposed to doses of O, 4.4, 46, or 305
mg/kg-day (males), or O, 3.9, 44, or 384 (females) 1, 1,2-trichloroethane in the
drinking water for 90 days. Drinking water consumption and body weight
gain were reduced in concentration-dependent manner in male mice, but not in
female mice. Spleen weights were decreased in a dose-dependent manner in

22
Norpoth, K. er al., Investigationson the Metabolismand Carcinogenicityof 1,1,2-Trichloroethane, Y.

Cancer Res. Clin. Oncol. 114:158-162 (1988).
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male mice, but were significantly increased in females exposed to the highest
dose. Bone marrow status as indicated by DNA synthesis was not affected by
exposure. Cell-mediated immunity, as measured by delayed-type
hypersensitivity and popliteal lymph node proliferation responses to sheep
erythrocytes, was unaffected in both sexes. However, humoral immune swus
was significantly depressed in both sexes in a dose dependent manner. For
example, hemagglutination titers were significantly depressed in both sexes at
the two highest doses. In addition, lymphocyte responsiveness to Con A and
LPS was significantly depressed in female mice exposed to the highest dose,
but unaffected in exposed male mice. This study identifies a LOAEL of 44-46
mg/kg-day and a NOAEL of 3.9-4.4 mg/kg-day for depression of humoral
immunity.

. NC] (1978) (Appendix, Tab 3) - Groups of 50 male and 50 female mice
(B6C3F1) were exposed to each of two dose levels via corn oil gavage, 5
days/week for 78 weeks. Two control groups (vehicle and untreated) of 20
animals/sex were also included in the study. Initial doses of O, 150, and 300
mg/kg-day were raised to O, 200, and 400 mg/kg-day after week 20 since the
animals seemed to tolerate exposure. Time-weighted average doses of O, 195,
and 390 mg/kg-day were calculated by the study authors. Histopathological
examinations revealed no significant differences between exposed and control
animals for noncancer effects in immunological tissues (i.e., spleen, bone
marrow, lymph nodes). This study identifies a NOAEL of 390 mg/kg-day for
histopathological effects.

vii. In Vivo Cytogemc ty
. .

1

Testing for in vivo cytogenicity is unnecessary for reasons directly opposite those

described above for acute toxicity. Existing studies have already identified a genotoxic effect

for 1, 1,2-trichloroethane in vivo, as well as a cytogenetic effect in vitro. One can reasonably

assume that genotoxic and cytogenetic effects would also be observed following inhalation

exposures to 1, 1,2-trichloroethane.

2. EDC

The available information on EDC, like that for 1, 1,2-trichloroethane, is sufficient for

screening analysis and residual risk determinations. EPA has proposed inhalation testing in

the following areas: acute toxicity, subchronic toxicity, developmental toxicity, reproductive

toxicity, and neurotoxicity. The estimated cost of these tests is approximately $2.4 million. A

review of the data currently available on EDC indicates that additional testing is not necessary
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for these endpoints. Oral studies for acute toxicity, subchronic toxicity, reproductive toxicity,

and neurotoxicity are already available. These studies can serve as the basis for route-to-route

extrapolation to gauge inhalation effects and fill any data gaps that may concern EPA. As for

developmental toxicity, an inhalation study that appeared after EPA had completed its

literature search for the proposal provides the data that the Agency sought in that area .23

Indeed, in response to the PK proposal submitted by the HAP Task Force, EPA has expressly

recognized that this study adequately

developmental toxicity testing .24

addresses the Agency’s data need in the area of

Acute TOXICU
. .

i.

There is an adequate study available to assess

below and in the attached Table 5:

the acute effects of EDC, as described

. Daniel et al. (1994) (Appendix, Tab 11) - Groups of 10 male and 10 female
Sprague-Dawley rats were exposed to O, 10, 30, 100, or 300 mg/kg-day EDC via corn
oil gavage for 10 days. Significant mortality (10/10 females, 8/10 males) was noted at
the highest dose. Body weight, clinical chemistry, and hematological findings in
exposed animals were not significantly different from controls. The main
histopathological change noted was inflammation of the forestomach in animals
receiving 100 mg/kg-day or more. This endpoint represents a direct contact effect of
EDC, which is attributable in part to the mode of administration (i.e., high
concentrations administered as a bolus dose in corn oil). Since this effect is not
extrapolatable to inhalation exposures, this study identifies a NOAEL of 100
mg/kg-day for histopathological changes in the liver and kidney.

It is unlikely that EDC would have portal-of-entry effects. EDC does not accumulate

preferentially in the lungs following inhalation exposure, but distributes rapidly to other

tissues. Following inhalation exposure to 50-250 ppm EDC for two to three hours, the levels

of EDC in the lungs were lower than those observed in the blood and much lower than those

observed in adipose tissue .25

2>
Payan et al., Assessment of the Developmental Toxicity and Placental Transfer of 1,2 Dichloroethane in

Rats, Fund. Appl. Toxicol. 28:189-198 (1995) (Appendix,Tab 9).

24 EnvironmentalProtectionAgency, Preliminq EPA Technical Analysis of Proposed Industry
Pharmacokinetics (PK) Strategy for Elhylene Dichloride (EDC) (June 1997),p. 9 (Appendix,Tab 10).

25 SpeaficoF. er al., Pharmacoklneticsof EthyleneDichloridein Rats Treatedby DifferentRoutes and its
Long-TermInhalator Toxicity. In: Ames B.N. et al., EthyleneDichloride: A PotentialHealth Risk?, Banbury
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SubcMc T-
. .

ii.

There are a number of subchronic studies of EDC by the oral route, which are

certainly adequate to assess its subchronic toxicity. These are summarized

atached Table 6:

. NTP (1991 - Drinking Water Study in Rats) (Appendix, Tab

below and in the

12) -
Groups of 10-20 male and 10 female F344/N, Osborne-Mendel, and
Sprague-Dawley rats were exposed to drinking water containing O, 500,
1,000, 2,000, 4,000, or 8,000 ppm EDC for 13 weeks. The actual doses
received by the animals varied slightly between species and sex, but were
generally between O, 49-82, 86-126, 145-213, 259-428, 515-727 mg/kg-day
for the respective water concentrations. Mortality was not significantly
affected by exposure in any strain or sex. This study identifies a NOAEL and
LOAEL of 58 and 102 mg/kg-day, respectively, for the effects of EDC on the
kidney in F344/N rats. The remaining findings from this study are discussed
according to rat strain below:

F344AV- Water intake and body weights were affected in
F344/N rats at the two highest doses. No compound-related clinical
signs were noted. The authors attributed slight changes in
hematological parameters to mild dehydration. Liver and kidney
weights were elevated in all exposed animals compared to controls.
Histopathological changes in the liver were not observed. While mild
renal tubular regeneration was comparable to controls in exposed male
rats, the incidence of this effect was increased in a dose-dependent
manner in female rats exposed to 1,000 ppm or more.

Sprague-Dawley - Water intake and body weights were affected
in Sprague-Dawley rats at the two highest doses. No compound-related
clinical signs were noted. The authors attributed slight changes in
hematological parameters to mild dehydration. Liver and kidney
weights were elevated in all exposed animals compared to controls.
Histopathological changes in the liver were not observed. The
incidence of mild renal tubular regeneration was comparable to
controls in exposed male and female rats.

Osborne-Mendel - Water intake and body weights were affected
in Osborne-Mendel rats exposed to 1,000 ppm (females) and 2,000
ppm (males) or more. No compound-related clinical signs were noted.
The authors attributed slight changes in hematological parameters to
mild dehydration. Kidney weights were elevated in all dosed females.

Report No. 5 (Cold Spring Harbor, New York), pp. 107-133.
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Liver weights were elevated in exposed males receiving 1,000-2,000
ppm. Histopathological changes intheliver were not observed. The
incidence of mild renal tubular regeneration was not significantly
different from controls in exposed male and female rats.

. NTP (1991 - Corn Oil Gavage Study in Rats) (Appendix, Tab 12) -
Groups of 10-20 male and 10 female F344/N rats were exposed to 1, 30, 60,
120, 240, or 480 mg/kg-day (males) or 1, 18, 37, 75, 150, or 300 mg/kg-day
(females) EDC via corn oil gavage for 13 weeks. Significant mortality was
noted in male rats (all) receiving 240 mg/kg-day or more, and in female rats
(9/10) exposed to 300 mg/kg-day. Body weights were decreased in rats
exposed to the highest dose. Liver and kidney weights were elevated in all
exposed animals, however histopathological changes in these tissues were not
observed. Forestomach effects (hyperplasia, inflammation, and
mineralization) were noted in animals that died or were moribund. Necrosis
of the thymus was observed in males exposed to 240 mg/kg or more, and in
females exposed to 300 mg/kg. The incidence of renal tubular regeneration
was comparable between exposed and control animals. Histopathological
changes in the liver were not observed. Neurological effects were also
observed in animals exposed to the highest doses of EDC. This study
identifies a LOAEL of 120 mg/kg-day for necrosis of the thymus.

. NTP (1991 - Drinking Water Study in Mice) (Appendix, Tab 12) -
Groups of 10 male and 10 female B6C3F1 mice were exposed to drinking
water containing O, 500, 1,000, 2,000, 4,000, or 8,000 ppm EDC for 13
weeks. These concentrations corresponded to doses of 1, 249, 448, 781,
2,710, or 4,207 mg/kg-day (males) and O, 244, 647, 1,182, 2,478, or 4,926
mg/kg-day (females). Significant mortality (9/10) limits the interpretation of
results from female mice exposed to the highest dose. All other exposed
animals survived the fill 13 week exposure. Compound-related clinical signs
were not observed in any dose group. Body weights were lower in all
exposed males, and in females exposed to 1,000 ppm or more. Liver and
kidney weights were elevated in all exposed animals. In addition,
mild-to-moderate tubular regeneration was noted in males exposed to the two
highest doses. Histopathological changes in the liver were not observed. This
study identifies a NOAEL and LOAEL of781 and 2,710 mg/kg-day for renal
effects in mice.

. Daniel et al. (1994) (Appendix, Tab 11) - Groups of 10 male and 10
female Sprague-Dawley rats were exposed to O, 37.5, 75, and 150 mg/kg-day
EDC via corn oil gavage for 90 days. No treatment-related effects were noted
regarding mortality, clinical observations, ophthalmology, gross pathology, or
histopathology in exposed animals. Body weight gain and food consumption
were significantly decreased in male rats exposed to the highest dose.
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Statistically significant differences in hemoglobin, hematocrit, red blood cell
count, platelets, albumin, and alkaline phosphatase were noted in animals
exposed to 75 mg/kg-day or more. Organ weight changes (liver, kidney,
brain) were also noted in animals exposed to the two highest doses. This
study identifies a LOAEL of 75 mg/kg-day and NOAEL of 37.5 mg/kg-day
for hematological effects and organ weight changes.

... . .
111. oductlve Toxic@

Three reproductive studies are currently available for EDC (Lane et al. 1982; Rao et

al. 1980; Alumot et al. 1976). They are described briefly below:

. Lune et al. (1982) (Appendix, Tab 13) - In a multigeneration study,
groups of 10 male and 30 female ICR Swiss mice were exposed to 1, 5, 15, or
50 mg/kg-day EDC via the drinking water. The FO generation was exposed

for 5 weeks prior to mating, whereas the F1 generation was exposed for 11
weeks prior to mating. No treatment-related effects on fertility, gestation,
terata, pup weight gain, pup survival, or dominant lethal mutations were
observed. This study identifies a NOAEL of 50 mg/kg-day for the
reproductive effects of EDC.

. Rao et al. (1980, also cited as Murray et al. 1980, Schlacter et al.
1979, and Shell Oil 1979) (Appendix, Tab 14) - In a single generation study,
groups of 20-30 male and female Sprague-Dawley rats were exposed via
inhalation to O, 25, 75, or 150 ppm EDC for 6 hours/day begiming 60 days
prior to mating, and continuing through gestation (Fla and Fib). No
treatment related effects were observed on fertility index, pup survival,
gestation length, sex ratio, or organ weights in pups from either the Fla or
Flb litters. This study identifies a NOAEL of 150 ppm for the reproductive
effects of EDC.

. Alumot et al. (1976) (Appendix, Tab 15) - In a single generation study,
groups of 18 male and 18 female rats (species not specified) were exposed to
mash fumigated with EDC. Residue levels measured 250 and 500 ppm,
corresponding to doses of approximately 13 and 25 mg/kg-day, respectively.
After 6-weeks on the test diet, females were mated with untreated males.
Thereafter, at 2-monthly intervals, 45 treated males were mated with treated
females for a total of 24 months. Following mating, females were weighed
twice weekly. Litter size and weight were recorded at parturition and at 10
days. Liver fat content and serum biochemistry analyzes were performed on
parental animals at the end of the treatment period, and did not reveal
significant effects.
success in animals
two-year exposure

No treatment related effects were reported on reproductive
followed for up to 5 sequential pregnancies during a
period. This study provides excellent information
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regarding the potential for reproductive effects in aging animals (an important
endpoint which is not specifically addressed in the TSCA testing
requirements). This study identifies a NOAEL of 25 mg/kg-day for the
reproductive effects of EDC.

Although neither Rao et al. (1976) nor Alumot et al. (1976) satisfy all current TSCA

testing requirements, these studies do provide usefid information regarding the potential for

reproductive effects of EDC. Because a second generation was evaluated by Lane et al.

(1982), it warrants

approved by EPA.

provided below:

additional consideration. The study design for Lane et al. (1982) was

A comparison of this study to current TSCA testing requirements is

Points where reaulrements are met bv J ,ane et al. (1982)

. Adequacy of test species: Swiss mice

. Adequate number of dose groups: Four (including control)

. Adequate study design: Two generations

. Adequate evaluation of the following endpoints: gross necropsy, body
weight, fertility index, gestation/lactation index.

p~.)
. Number of pregnant animals/dose group: 20 required, 30 tested
. Number of F1 and F2 matings: 1 F1 required, 3 tested; 1 F2 required,

2 tested
. Dominant lethal mutations: Not required under TSCA

. Lack of evaluation of the following endpoints: organ weights,
histopathology, estrous cyclicity, sperm count/morphology, age at
sexual maturation.

The potential limitations of Lane et al. (1982) are discussed below:

. Organ Weights - Organ weights were not measured in FO, F1, or F2
animals by Lane et al. (1982). However, this endpoint is of questionable
significance, since changes in organ weight usually do not constitute an
adverse effect. Furthermore, since organ weights for reproductive tissues
were reported in several other studies without remarkable findings (Cheever
~. 1990; Daniel et al. 1994; Rao et al. 1980; NTP, 1991), this does not
constitute a serious limitation in the study design.
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. Histopathology - Histopathological examinations of FO, F1, or F2
animals were not conducted by Lane et al. (1982). Regarding FO animals,
several other studies have evaluated histopathology of reproductive tissues
following oral and inhalation exposures (Rao et al. 1980; NTP, 1991; Daniel
et al. 1994; Cheever et al. 1990), none of which report any histopathological
change in reproductive tissues. In addition, histopathoiogical changes of the
liver, kidney, and any other target organs noted during gross examination have
been evaluated in F1 rat pups (Rao et al. 1980), again without notable effects.
However, regarding F1/F2 animals, this is no longer required:

“EPA dropped the requirement of histopathology of
developmental anomalies observed microscopically in F1 and F2
weaklings. ”

63 Fed. Reg. 43820, 43822 (Aug. 15, 1997). For this reason, the absence of
histopathology does not constitute a significant limitation in this study.

. Sperm Count, Motility, Morphology - Sperm structure and function
were not evaluated by Lane et al. (1982). The dominant lethal mutation assay
(which was conducted by Lane et al.) is, however, a more relevant endpoint
for EDC, since it is recognized as a DNA-reactive chemical.

. Estrous Cyclicity - Estrous cyclicity was not evaluated by Lane et al.
(1982). Halogenated organic compounds that are known to affect the estrous
cycle (such as DDT, methoxychlor, PCBS) are generally believed to produce
their effects via interaction with the estrogen receptor. Given the chemical
structure of EDC, it is very unlikely that it exerts any estrogenic (or other
hormonal) activity.

. Age at Sexual Maturation - The age at sexual maturity (day of vaginal
opening/preputial separation) was not assessed by Lane et al. (1982). Like
estrous cyclicity, halogenated organic chemicals which are known to speed or
delay the onset of sexual maturity (including DDT, methoxychlor,
polychlorinated biphenyls, polybrominated biphenyls) are generally believed to
produce their effects via interaction with the estrogen receptor. Given the
chemical structure of EDC, it is very unlikely that it exerts any estrogenic (or
other hormonal) activity.

In summary, the deficiencies noted for Lane et al. (1982) can be characterized as

minor. Two endpoints (organ weight, histopathology) are readily addressed by other studies,

or are no longer applicable. The remaining three endpoints (sperm morphology, estrous

cyclicity, age at sexual maturation) are more appropriately characterized as those aimed at
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understanding the mechanism by which a chemical affects reproductive success. Because the

weight of evidence (Alumot er al. 1976; Rao et al. 1980; Lane et al. 1982) clearly indicates

that EDC has no effect on reproductive success, the importance of these mechanistic endpoints

is greatly reduced. Furthermore, the likelihood of obtaining a positive response for these

endpoints (if assayed) is small. Additional testing for the reproductive effects of EDC is not

warranted.

Mmm2xUy
. .

iv.

Adequate studies to evaluate the neurotoxic potential of EDC are described below and

in the attached Table 7:

. NTP (1991 - Drinking Water Study) (Appendix, Tab 12) - Groups of
10-20 male and 10 female F344/N, Osborne-Mendel and Sprague-Dawley rats,
and 10 male and 10 female B6C3F1 mice were exposed to drinking water
containing O, 500, 1,000, 2000, 4,000, or 8,000 ppm EDC for 13 weeks.
Significant mortality (9/10) limits the interpretation of results from female
mice exposed to the highest dose. All other exposed animals survived the full
13 week exposure. No compound-related clinical signs, changes in brain
weight, or histological changes of the central nervous system (brain and spinal
cord) were observed in any of the exposed animals. Although no LOAELS
were identified, this study identifies a NOAEL of 8,000 ppm for EDC
(approximately 492 mg/kg-day in rats and 4,207 mg/kg-day in mice) for
neurological effects.

. NTP (1991 - Corn Oil Gavage Study in Rats) (Appendix, Tab 12) -
Groups of 10-20 male and 10 female F344/N rats were exposed to O, 30, 60,
120, 240, or 480 mg/kg-day (males or O, 18, 37, 75, 150, or 300 mg/kg-day
(females) EDC via corn oil gavage for 13 weeks. Significant mortality was
noted in male rats (all) receiving 240 mg/kg-day or more, and in female rats
(9/10) exposed to 300 mg/kg-day. Clinical signs, including tremors,
salivation, emaciation, abnormal posture, ruffled fir, and dysnea were noted
in males exposed to 240 mg/kg-day and in females exposed to 300 mg/kg-day.
In addition, necrosis of the cerebellum was observed in males exposed to 240
mg/kg or more, and in females exposed to 300 mg/kg. This study identifies a
LOAEL of 240 mg/kg-day and a NOAEL of 120 mg/kg-day for clinical signs
of neurotoxicity and necrosis of the cerebellum.
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3.

As in the case of 1, 1,2-trichloroethane, the low exposure profile of VDC enables EPA

to base residual risk determinations on existing data, which are more than adequate for

screening and residual risk assessments. EPA proposes to require acute and neurotoxicity tests

by the inhalation route for VDC, at a cost of over $500,000. Yet, as described in section II

above, the number of workers potentially exposed to VDC is well below the 1000-worker

threshold. Moreover, as described more fully in section II, there is no basis in the record

from which to conclude that the general population or consumer thresholds are met. Ambient

air levels are extremely low.

Acute exposure of humans and animals to high concentrations of VDC results in CNS

depression and unconsciousness, which are consistent with observations for many organic

solvents. There have been no known reported deaths resulting from acute accidental exposures

to VDC, and individuals that have been acutely exposed have completely recovered.2G No

histopathological effects were observed in lung tissue related to VDC exposure at 100 ppm for

6 weeks in dogs, guinea pigs, monkeys, rabbits, or rats .27 In other studies feeding dogs 25 mg

VDC/kg-day for 97 days or rats 30 mg VDC/kg-day for 2 years did not cause any adverse

neurological effects .28 Furthermore, the available toxicokinetic data do not indicate a

route-specific target organ specificity for VDC. Based on the existing data, additional acute

testing and intermediate dosing experiments for neurological effects do not appear to be

warranted.

c. EPA Failed To Consider the Impact of
MACT Standards on F,xposure

In addition to failing to consider the physical and chemical properties of the HAPs and

other chemical-specific data, EPA did not take into account the changing conditions under

26 EPA, Staws Assessment of Toxic Chemicals: Vinylidene Chloride (1979).

27 Prendergast.T.A.et al., Effects on Experimental Animuls of Long-term Inhalation of Trichloroethylene,
Carbon Tetrachlonde, 1,1, l- Trichloroethane, DichlorodiJuoromethane, and 1, l-Dichloroethylene, Toxicol. Appl.
Pharmacol. 10:270-289 (1967).

28
Quast J.F. el al., A Chronic Toxicity and Oncogenicity Study in Rats and Subchronic ToxiciQ Study in

Dogs on Ingested Vinylidene Chloride, Fundam. Appl, Toxicol. 3(l): 55-62 (1983).
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which they are emitted. In particular, EPA has not considered the impact of the adoption of

MACT standards for a number of source categories, which will dramatically restrict the 4

emissions of HAPs. Section 112(d) of the Clean Air Act directs EPA to set national emissions

standards for HAPs (NESHAPS) which shall require:

the maximum degree of reduction in emissions of the hazardous air pollutants
subject to this section (including a prohibition on such emissions, where
achievable) that the Administrator, taking into consideration the cost of
achieving such emission reduction, and any non-air quality health and
environmental impacts and energy requirements, determines is achievable for
new and existing sources in the category or subcategory to which such emission
standard applies.

This maximum degree of reduction in emissions is subject to a “floor,” i.e., a minimum level

of reduction that must be achieved. For new sources, the emissions standards shall not be set

any lower than “the emission control that is achieved in practice by the best controlled similar

source. ” For existing sources, the standards must be no less stringent than the average

emission limitation that is achieved by the best performing 12 percent of existing sources in

each category or subcategory of 30 or more sources (for smaller categories or subcategories,

the average of the best performing five sources is used).

Pursuant to Section 112(d), EPA promulgated a rule setting a hazardous organics

NESHAP regulating emissions of listed hazardous air pollutants from the synthetic organic

chemical manufacturing industry (SOCMI). The rule imposed MACT standards on all major

SOCMI sources. Among the chemicals covered by the hazardous organics NESHAP are

EDC, VDC, and 1, 1,2-trichloroethane. They are subject to the MACT restrictions, which

EPA itself estimates will significantly reduce emissions from the SOCMI industry, perhaps by

as much as 88 percent.29 There is no recognition of this point in the proposed test rule. The

1993 TRI data upon which EPA based its decisionmaking for the HAP test rule do not reflect

the reductions that compliance with the hazardous organics NESHAP will bring about. Yet

the Agency does not consider whether the ongoing reductions pursuant to this and other

MACT standards will diminish the risk to health and the environment sufficiently to curtail the

need for expensive testing. Nor, as discussed below, does it consider whether in some cases

29
59 Fed. Reg. 19402, 19411(April 22, 1994).
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the reductions will result in no major sources of certain HAPs remaining in existence and

hence no statutory basis for the test rule for such HAPs.

The preamble to the proposed test rule does not indicate that there has been any inquiry

into the actual current level of emissions of the HAPs, or whether the MACT standards are

achieving the restrictions that they were intended to bring about. The Agency does not even

appear to have considered whether the “floor” standards for new and existing sources affect

the need for testing. There is no discussion of what emission control has been “achieved in

practice by the best controlled similar source” or what the average emissions limitation

achieved by the best performing 12 percent of existing sources has been. These issues pertain

not only to the need for testing, but also to the uses to which EPA will put the information that

it obtains. The Agency justifies the test rule on the basis that it will use the information to

conduct residual risk evaluations under the Clean Air Act. If that is the case, since the statute

requires residual risk evaluations to be made after MACT is in place, the test rule should be

based on projected emissions and exposure under MACT. By disregarding this aspect of the

statutory requirements, EPA undermines its own goals.

III. EPA SHOULD PROVIDE FOR TIERED TESTING, RATHER THAN
APPLYI NG OPTION THREE ACROSS THE BOARD

In considering how broad and how deep a data set to require on each HAP, EPA listed

four options that it had reviewed as the range of possibilities. Briefly, these options are:

+ Option 1: one-species 90-day inhalation subchronic plus follow-up for
known or suspect toxicities;

+ Option 2: option 1 plus inhalation screening for untested toxicity
endpoints;

+ Option 3: option 1 plus less than chronic testing for noncancer
endpoints of concern;

+ Option 4: Option 1 plus chronic testing.

The baseline for each of these considerations is Option 1

one-species 90-day inhalation subchronic test, as well as

testing, which consists of a

testing for endpoints that have already

been identified as existing or potential concerns by previous test results for the HAP at issue
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or structurally similar agents. EPA would augment these studies by testing for adverse health

effects that are suggested or indicated, but not adequately characterized, by existing

information such as short-term test data, mechanistic information, or structure-activity

relationships.

Of these choices, EPA selected Option 3. This would mandate not only the Option 1

90-day subchronic inhalation studies, but also inhalation testing to assess reproductive effects

(that is, a two-generation reproductive toxicity study), as well as developmental toxicity tests

in two mammalian species. Option 3 also includes an acute toxicity testing guideline for

histopathology of the respiratory tract, the kidney, and the liver, as well as a broncheoalveolar

lavage after four hours of exposure .30 This is a wide array of endpoints, testing for which will

be expensive and time-consuming. Moreover, not every one of these endpoints will be

appropriate to each HAP. The HAPs are diverse in terms of their levels of emissions or

exposure and ambient air concentrations. Their physical or chemical properties, e,g., their

known or suspected toxicity and the pathways that they will take through the body, vary

widely. By selecting Option 3, EPA fails to take these factors into account, and seeks to paint

with a broad, one-size-fits-all brush.

In light of the assortment of chemicals encompassed by the proposed test rule, Option 2

is a more appropriate selection. Option 2 also begins with the Option 1 baseline of tests, but

then adds a more open-ended set of supplemental studies. It would require a one-generation

screening test for reproductive effects, a subchronic inhalation neurotoxicity screening battery,

an E. coli reverse mutation assay, gene mutation in somatic cells in culture detection, an in

vivo cytogenetics test, and an irnmunotoxicity screening test. Any toxicity suggested but not

characterized by existing studies in the toxicological literature would be followed up under

more rigorous protocols. This is a more flexible approach, with an emphasis on screening

studies to determine the level and likelihood of a particular risk for each individual HAP prior

to ordering more in-depth investigations. Such a course enables EPA to tailor test

requirements to the characteristics of each HAP, thus conserving both agency and industry

resources.

30 61 Fed. Reg. at 33182.
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EPA rejected Option 2, even though it conceded that it “would conserve resources

while allowing for the testing of a broader range of endpoints, including cancer. ” The only

reason it offered was that it considered a one-generation reproductive test inadequate, and

thought that additional follow-up testing would be required to confirm suggestive results from

the screening studies, which would necessitate a second round of rulemaking. Such an

inflexible approach should not preclude the use of a more efficient testing scheme. The

purpose of the screening tests would be to identify those HAPs that pose a risk of reproductive

toxicity and which warrant further studies, while winnowing out those that do not, thus

relieving manufacturers of the need for unnecessary testing. Criteria can easily be developed

to determine when a screening test merits further investigation, and additional screening

methods identified to buttress the reliability of the initial test.

EPA’s general opposition to tiered testing will not withstand scrutiny. EPA suggests

that such testing would be time-consuming, require multiple rulemakings, and be a burden on

EPA resources. To the contrary, an approach carefully designed at the outset to develop data

that will be useful for residual risk determinations will conserve time and Agency resources,

not to mention avoiding the needless killing of thousands of test animals. EPA also justifies

Option 3 on the grounds that it has prioritized HAPs based on exposure potential. It is clear,

however, that EPA has looked only at releases, and has neglected to assess exposure potential.

Most significantly, EPA asserts a need for a consistent even data base for the HAPs

across a broad range of endpoints. To conduct the residual risk analyses required under

Section 112(f) of the Clean Air Act, however, EPA only needs sufficient data to characterize

the health effects of an HAP at reasonably expected exposure levels. In some cases, this might

be a single chronic study supporting regulation at very low levels. EPA lacks statutory

support for going further in such cases and developing a “uniform” data base of test results

that can be seen at the outset to be completely irrelevant to a determination of residual risk.

EPA should follow the recommendation of the National Academy of Sciences that it adopt an

iterative approach to develop test data for the HAPs .3]

?.1 NationalAcademyof Sciences,Scienceand Judgment in Risk Assessment (1994), p. 84.
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IV. EPA HAS NOT SUFFICIENTLY EXPLAINED
E PURPOSE OF THE TEST RU~

A. EPA Has Not Shown how Data Developed under the
Test Rule Are Necess~ for ~ Det

. .,r,a lo~

1. EPA Has Not Prepared the Report on Residual Risk
D~uired by Stamte

. .

EPA has stated that the primary purpose of the proposed test rule is to obtain data to

support residual risk analysis under Section 112 of the Clean Air Act .32 Although the Act was

amended seven years ago to require such an analysis, EPA has yet to articulate how it will

make residual risk determinations. Section 112(f) directs EPA to examine the impact of the

MACT standards on emissions and to determine whether the residual risk to the public from

non-cancer adverse health effects falls within an “ample margin of safety, ” and whether any

excess risk of cancer is lower than one in a million. In conjunction with this evaluation, EPA

must determine whether additional, post-MACT emissions limits are needed to protect public

safety. The Act requires EPA to present a report to Congress by November 15, 1996

explaining how it would conduct this evaluation.

On April 22, 1998, EPA issued for public comment the draft report to Congress on

residual risk. 63 Fed. Reg 19914. Although the draft report is 129 pages in length, nowhere

does it explain how data developed under the HAP test rule as proposed will materially assist

EPA in making residual risk determinations for animal carcinogens. The draft report speaks

entirely in generalities and uses terminology and flow charts that seem designed to obscure the

process. It studiously avoids these important questions: How will EPA use the results of

expensive studies involving thousands of test animals in evaluating whether to lower exposures

to HAPs that it already regulates on the basis that there is no safe threshold because of their

potential carcinogenicity? What purpose is served by obtaining additional test data for such

compounds? Can EPA point to any carcinogen for which non-cancer test data has driven

regulations to a lower level?

With no such explanations available, neither EPA nor the public can judge what data

will be necessary for the residual risk evaluation, or what kind of testing will be appropriate to

32 61 Fed. Reg. at 33179.
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gather it. The exchange of information and ideas normally associated with the notice and

comment process are hamstrung by this limitation. EPA should not propose such broad and

onerous testing requirements until it has completed its policy for residual risk determinations

and identified the type of information that it will utilize in making them.

2. The Proposed Test Rule Does Not Serve the Goals Identified
by the Committee on Risk Assessment and Risk Management
forResidua1Risk Det~ns

. .

While EPA has not completed its report on risk assessment, the Congressionally

established Commission on Risk Assessment and Risk Management has done so, and the

recommendations in its Framework for Environmental Health Risk Management highlight

shortcomings of the test rule proposed by EPA.

The Commission recommends that EPA utilize a tiered scheme, conducted with

the

stakeholder involvement, consisting of the following steps: (i) characterize and articulate the

scope of the national, regional, and local air toxics problems and their public health and

environmental contexts; (ii) use available data and default assumptions to perform screening

level risk assessments to identify sources with the highest apparent risks; (iii) conduct more

detailed assessments of sources and facilities with the highest risks; (iv) at facilities with

incremental lifetime upper-bound cancer risks greater than one in 100,000 persons exposed or

that have exposure standards, examine and choose risk reduction options in light of total

facility risks and public health context; and (v) consider reduction of residual risks from

source categories of lesser priority .33

The Commission noted that EPA is not well prepared to implement such a tiered risk

assessment because “[c]ritical information gaps exist that hinder EPA from reliably

determining to what extent MACT standards are reducing health risks and whether significant

residual risks remain. ” The proposed test rule will not fill these existing gaps. For example,

the Commission notes that the analysis under the first step in the risk assessment scheme

should put air toxics in the context of exposures from other air pollutant sources and other

.—
33 Commissionon Risk Assessmentand Risk Management,Framework for Environmental Health Risk

Management (1997), p. 109(Appendix,Tab 16).
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environmental pathways. The second step, screening risk assessments, involves consideration

of stack heights, distances to fence lines, emission rates, and “lookup tables” to estimate ~

maximum offsite concentrations, as well as the size of the exposed populations. Yet, as noted

above, the proposed test rule gives no consideration to exposure or exposed populations. The

Commission concluded its section on Hazardous Air Pollutants by stating that “[b]y looking at

hazardous air pollutants in the larger context of air pollution in particular geographic areas,

EPA will be able to make more informed decisions about reducing residual emissions. “34 The

proposed test rule fails to take such a course.

B. The Statute Does Not Require Residual Risk Analysis for VDC
and 1, 1,2-Trichloroethane, and Available Carcinogenicity Data
Suffice fo

. .
r Such Determmatlons for those HAPs as Well as EDC

Section 112(f) of the Clean Air Act does not require residual risk determinations where

there are no major sources of an HAP remaining after implementation of MACT standards.

Only a handful of the facilities currently emitting VDC or 1, 1,2-trichloroethane are major

sources, and there will be even fewer, if any, as the hazardous organics NESHAP or other

MACT standards are implemented. According to the 1995 TRI data, there are only two major

sources of VDC emissions -- one of which only exceeded the 20,000 pounds a year threshold

for emissions by 900 pounds -- and only jive major sources of 1, 1,2-trichloroethane emissions,

three of which exceeded the 20,000 pound threshold by fewer than 3,000 pounds (Appendix,

Tab 17). This reflects a significant reduction in number of major sources since the 1993 TRI

report. Yet EPA would impose a test rule for these two substances with estimated test costs of

over $500,000 and nearly $4 million, respectively. This is not an effective use of resources.

If current trends continue, there may well be no major sources of either HAP after 2000.

In light of these figures, EPA will be hard-pressed under Executive Order 12866 --

which provides that federal agencies shall, in deciding whether and how to regulate, assess all

costs and benefits of available regulatory alternatives, including the alternative of not

regulating -- to justi~ the cost of testing to conduct residual risk determinations that may not

even have to be done.

34
M. at 110.
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Another cost ignored by EPA is the loss of animal

conduct the tests required by the proposed test rule would

life that this rule would entail. To

mean the sacrifice of thousands of

test animals, all to obtain data that EPA has not yet decided how to use. As an ethical matter,

such a program should not be entered into lightly, without careful consideration of the need for

the testing and the way that the test results will be used to benefit public health. EPA does not

seem to have even acknowledged this issue as a factor in its decisionmaking.

While the costs of the proposed test rule are significant from both a financial and

ethical standpoint, the potential benefits are meager. EDC, VDC, and 1, 1,2-trichloroethane

are already considered possible or probable human carcinogens by EPA, and it is not clear

how acute, neurotoxicity, hnrnunotoxicity, developmental, or reproductive toxicity studies

would be of any use to a residual risk determination. IFUS lists a unit risk estimate of cancer

potency for EDC of 2.6 x 10-5(pg/m3) (Appendix, Tab 18). The unit risk estimate for VDC is

5.0 x 10”5(pg/m3) (Appendix, Tab 19) and for 1, 1,2-trichloroethane is 1.6 x 10-5(pg/m3)

(Appendix, Tab 7). Accordingly, these HAPs are already subject to strict emissions or

discharge limits where they are regulated as carcinogens. For example, the maximum

contaminant level goal (MCLG) for EDC in drinking water is O, and the maximum

contaminant level is 5 pg/1. The MCLG for VDC is 7 pg/1, with an MCL of 7 pg/1. The

MCLG for 1, 1,2-trichloroethane k 3 pg/1 with an MCL of 3 pg/1.

It is inconceivable that EPA would make these requirements stricter as a result of

acute, neurotoxicity, immunotoxicity, developmental, or reproductive toxicity tests.

Carcinogens have traditionally prompted the imposition of the strictest possible standards by

EPA, because of its application of a non-threshold model to estimate risk. The other effects,

on the other hand, are generally recognized as threshold effects. Whatever the results of such

testing for EDC, VDC, or 1, 1,2-trichloroethane, regulation to reduce potential cancer risk to

the most exposed individual to 1 x 10-6or even 1 x 10-5will ensure an “ample margin of

safety” for the non-cancer effects.
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c. The Alternative Justifications That EPA Provides
For The Test RulGAIso DO Not SUDPOrtIts Bread3.h

It is not realistic to suggest that the Agency will ease the requirements or “de-list” any

of these substances under Section 112 if the developmental and reproductive toxicity or other

required test results are negative. Regardless of the outcome of those tests, EDC, VDC, and

1, 1,2-trichloroethane will remain HAPs. Their rankings as possible or probable human

carcinogens will not be affected by the results of acute, neurotoxicity, immunotoxicity, or

developmental and reproductive toxicity tests. For EPA seriously to suggest such benefits for

the proposed test rule indicates that it is searching desperately for a rationale for the testing.

EPA also indicates that it would use the data obtained by the test rule to estimate

potential risks associated with the accidental release of chemicals as required by Section 112(r)

of the Clean Air Act. EDC, VDC, and 1, 1,2-trichloroethane, however, are not listed in

Section 112(r), nor do they appear in the list of toxic substances and threshold quantities for

accidental release prevention that EPA promulgated in accordance with Section 112(r) .35 In

fact, only four of the 20 HAPs covered in the proposed test rule have been listed under Section

112(r). EPA cannot justify its proposed test rule on this basis, as the use it identifies is

unauthorized by statute.

In addition to the lack of statutory authority for EPA’s purported interest in

determining the risks of accidental release of EDC, VDC, and 1, 1,2-trichloroethane, such a

determination is unnecessary as a matter of policy. EPA has already appointed an independent

committee to assess the available information on accidental release and develop appropriate

policies. In June 1996, EPA’s Office of Pollution Prevention and Toxics (OPPT) announced

the formation of a 30-member federal advisory committee -- the National Advisory Committee

for Acute Guidelhte Levels for Hazardous Substances -- that would develop and recommend

short-term exposure levels for airborne releases of hazardous substances. The Committee,

which reports to the Deputy Administrator of EPA, will review toxicological data on over 700

chemicals. The Committee will then prepare acute exposure guideline levels (AEGLs) for

high-priority, highly-toxic chemicals. For each chemical, the Committee will adopt three

35 40 C .F.R. $68.130. VDC does appear in the List of FlammableSubstancesand ThresholdQuantities
for AccidentalReleasePreventionpublishedin the same regulation. Id. None of the tests proposedfor the HAPs
relate to flammability,however, and EPA cannot seek to justify its proposalon this basis.
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AEGLs for four

AEGL-1, where

AEGL-3, where

time periods, ranging from 30 minutes to 8 hours. The three levels are:

there is chemical detection; AEGL-2, where discomfort is experienced; and

disability occurs.

AEGLs may be used for emergency planning, or for response and prevention programs

related to manufacture, processing, storage, transportation, or the remediation of waste sites.

The AEGLs would not carry any compliance obligation unless a federal or state agency were

to adopt or incorporate them into regulations or standards. Several agencies have already

evidenced an interest in utilizing the standards. The Occupational Safety and Health

Administration (OSHA) has indicated that it intends to use them in setting short-term exposure

limits for worker safety and for implementing process safety management standards. In

addition, the Department of Transportation has stated its intention to use the AEGLs in

calculating the initial isolation and protective action distances that it compiles for use by

emergency response persomel at chemical spill sites. 36 Moreover, EPA has stated that it may

use AEGLs as a basis for adding chemical substances to the list of chemicals that must be

reported under Section 302 of the Emergency Planning and Community Right-to-Know Act .37

This wide array of interests in and potential uses for the AEGLs demonstrate the

comprehensive nature of the role that they will serve.

OPPT has explained that the Committee was formed because nine federal agencies and

eight state, local, and nongovernment organizations had developed or were considering

developing AEGLs. The obvious intent was to preclude unnecessary duplication. In light of

the purpose, goals, and capabilities of the Committee, for EPA now to embark on a separate

program to estimate the risks associated with accidental release by requiring manufacturers to

undertake the considerable private expense of generating the same information that EPA itself

has charged the Committee to develop is redundant at best. Such an action would undermine

the very goal that the Agency sought to achieve.

Yet another ostensible secondary purpose set forth by EPA for the test rule is to “better

inform communities and citizens of toxic chemical hazards in their own localities. ” This

interest is not served by providing a deluge of information about chemical substances with

36 ChemicalRegulationReporter, June 21, 1996.
?.7 id., 42 U.S.C. $11002.
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minimal human exposure. Such a barrage merely adds to the clutter of information that the

public receives every day about aspects of daily life that might conceivably pose a threat to

health or safety. The sheer volume of these reports, from both government and

nongovernment sources, lessens the likelihood of the public taking heed of any individual

warning in particular. By seeking to publicize every chemical with toxic effects as a risk to

local health and safety, regardless of the extent of exposure, EPA compounds this trend and

threatens to undermine its own credibility. The goal of informing communities would be

better served by taking emissions patterns into account and focusing attention on actual,

significant threats.

v. EPA HAS ALREADY DETERMINED THAT THE AVAILABLE DATA
ARE ADEQUATE TO CONCLUDE THAT EDC DOES NOT PRESENT
AN UNREASONABLEXL2K TO HEALTH OR THE RNVIRONMFNT

EPA has examined EDC in the recent past and found the available data sufficient to

support a conclusion about its potential risks to health or the environment. In 1993, OPPT

released a Risk Management 2 Lifecycle and Pollution Prevention Assessment (“RM 2”) for

EDC (Appendix, Tab 20). The goal of the RM 2 was to perform a risk characterization

addressing the question of the future public health impact of EDC exposure if facility releases

continued over time at the then-current rate. While acknowledging that no model can predict

the future, the RM 2 sought “to provide insight into the need for reductions in current EDC

releases” and to develop “a meaningful way to examine the hypothetical risks associated with

long term EDC releases. ” 38

In evaluating the health and environmental hazard for purposes of the risk

characterization, OPPT noted that EDC can cause both acute and chronic health effects, that

exposure can effect the liver, lungs, kidneys, and nervous system, and that some evidence

supports concerns about reproductive and immunologic effects. Nonetheless, OPPT concluded

that “the driving health hazard concern for EDC is carcinogenicity. “39 Therefore, rather than

38 Officeof PollutionPreventionand Toxics, U.S. EnvironmentalProtectionAgency, Risk Management 2
Lifecycle and Pollution Prevention Assessment for 1,2-Dichloroethane (Ethylene Dichloride) CAS# 107-06-2,
(December6, 1993)(“RM 2“) (Appendix,Tab 20), p. 7.

39 RM 2, P, 15.
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sink into paralysis in an effort to obtain all possible information, OPPT focused the RM 2

report on EDC’s status as a probable human carcinogen. In looking at cancer effects, an

“upper bound estimate” of EDC’s potency was used, meaning that the potency is unlikely to be

higher and may actually be lower.a

With this in mind, OPPT examined the 1990 TRI data on EDC and came to

conclusions regarding its potential health risks. Regarding inhalation exposure from stack and

fugitive releases, it concluded that the 1990 data gave some cause for concern. Nationwide, it

estimated a total population potentially exposed to EDC by inhalation of 84 million people,

and projected that 64 cancers would occur in this group over a 70-year period. The vast

majority of these cases, however, 57 of the projected 64, would occur in a much smaller

population of 5.9 million people. The highest potential for risk existed among subpopulations

in closest proximity to facilities emitting EDC, where the exposure concentration is highest. 4]

Due to uncertainties associated with modeling, OPPT did not regard these estimates as

definitive statements about the health risks of EDC. It did consider them cause for concern,

however, particularly since releases had increased at three of the highest emitting facilities

between 1989 and 1990. OPPT concluded that pollution prevention measures to reduce air

emissions would be necessary. Therefore, it decided to obtain the 1991 TRI Form R data for

the four facilities associated with the highest projected risks. These data showed a reversal in

the increasing air releases, as all four facilities reported reductions in releases for 1991.42

While the 1991 reductions by themselves were relatively modest, OPPT also considered,

pursuant to the Pollution Prevention Act of 1990, releases for 1992 and 1993 predicted by the

companies. All four facilities predicted further reductions in releases. OPPT concluded that

achievement of those reductions would significantly reduce the potential risks posed by

continued EDC release. Consequently, the RM 2 team recommendations emphasized

promotion of coordination and pollution prevention strategies both within and between

40 RM 2, p. 7.
41 RM 2, p. 30. The risk increasedas the projectedsubpopulationwas narrowed. Thus 43 of the total 64
projectedcancerswould occur in a subpopulationof 429,765 exposedindividuals,and 24 projectedcancers --
more than a third of the total -- would occur in a subpopulationof just 8,828 persons.

42 RM 2, p. 8. Further examinationrevealedthat the estimatesfor one of the facilitieswere inaccurateand
that releaseshad not decreased.
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industry and government in order to achieve the 1993 target reductions identified by the

companies. These efforts were apparently successfitl, as the TRI data for 1993 indicate that 4

the targets were reached or surpassed by three of the four companies, and that the fourth,

though falling short of its target, nonetheless achieved a reduction of approximately 14% over

1992.43

EPA should apply the same reasoning that it used in preparing the RM 2 to develop the

HAP test rule. There, the Agency was willing to draw reasonable conclusions to protect the

public health based on the information available to it. It did exactly what it has to date failed

to do for the HAP test rule. It considered emissions patterns and exposure levels and used that

information to make policy. OPPT based its decision on potential cancer risk, recognizing that

the restrictions imposed on a suspected carcinogen would provide ample protection with

respect to other endpoints. Using the known data on EDC exposure and potential cancer risk,

EPA was able to complete its risk characterization.

The same factors apply to the proposed HAP test rule for EDC. No matter what

information is developed regarding any of the endpoints identified in the proposed test rule,

EPA’s determination will still be driven by carcinogenicity. Since sufficient data have already

been developed for that endpoint, there appears to be no utility in testing for the others. The

Agency has not explained why it cannot use the same information that it used for the RM 2,

supplemented with modeling as necessary, to conduct the as-yet-undefined residual risk

determination that it must perform for EDC.

VI. ANY FINAL TEST RULE SHOULD APPLY TO PROCESSORS
A~ WELI , A A

The proposed test rule places the primary responsibility for conducting testing on

manufacturers alone. Processors have a secondary responsibility at best, and “would be

required to comply with the rule only if directed to do so in a subsequent notice. “W This is not

43 The 1992TRI showedFerro Corp. with air emissionsof EDC of 1,125,410pounds a year. In 1993, this
number had decreasedto 964,600 pounds The 1994TRI showedan even more impressivereduction, down to
583,750 pounds, a reductionof nearly 40 percent.
44 61 Fed. Reg. at 33178. In amendingthe proposedtest rule, EPA specifiedthat only manufacturers
whichproduce more than 25,000 poundsof an HAP in the fiscalyear precedingthe final test rule will be required
to “initiallycomply”whh the test requirements, and that processorsand manufacturersproducingless than 25,000
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an equitable distribution of the burden.

levels of emissions orders of magnitude

Processing a chemical substance often gives rise to

greater than the manufacturing process, which is

largely enclosed. Ilesponsibility for complying with the test rule should be apportioned among

manufacturers and processors in accordance with their respective emissions of the HAP in

question.

In the case of EDC, the emissions analysis set forth by OPPT in the RM 2 discussed

above shows that the proposed HAP test rule misapportions the responsibility for testing. The

RM 2 notes that the manufacture of EDC and its conversion into associated products is the

largest use of the substance, producing 17 billion pounds and processing 99% of the 16 billion

pounds consumed domestically each year.45 Most EDC -- about 93% of domestic product -- is

used in the production of vinyl chloride monomer (VCM). VCM is itself used to make

polyvinyl chloride resins. This process is tightly controlled, and EDC is largely consumed in

production, with little left over for emissions. This enables the manufacturers and processors

of EDC to hold releases to low levels. Consequently, as OPPT noted, “[t]he EDC

manufacturing sector is relatively efficient at minimizing environmental release of EDC. ”

Indeed, only one of the top seven release facilities was a manufacturer .46

The other six top release facilities in the RM 2 came from what OPPT termed the

“miscellaneous sector” of the industry, i.e., the use of EDC in producing such products as

adhesives and coatings, polysulfide elastomers, grain fumigants, lacquer solvents, and paint

and varnish. This sector of the industry is, in OPPT’s phrase, “relatively inefficient. ” A

review of the production numbers and exposure data reveals the magnitude of that inefficiency.

While miscellaneous uses involve less than 1% of the total production volume of EDC, they

are responsible for 73% of the 1989 TRI releases .47

The proposed HAP test rule, however, takes no notice of the disproportionately large

share of emissions attributed to processors. Instead of seeking to apportion responsibility to

pounds will only be required to comply if there are no manufacturersthat initiallycomply. 62 Fed. Reg. 67466
(December27, 1997).

45 RM 2, p. 3.

46 RM 2, p. 5. That manufacturer,PPG Industries, Inc., has since dramaticallyreduced its emissionsof
EDC. Its 1994TRI levels were approximately20% of the 1990TRI levels cited in the RM 2.

47 RM 2, p. 65.
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those most responsible for emissions, the proposal would place the primary (if not entire)

obligation for conducting and paying for the testing on manufacturers. As noted above,

processors, including those involved in the miscellaneous sector of the industry, would only be

responsible for complying with the test rule if EPA requires them to in a subsequent notice.

This is an affront to even the most basic concept of fairness. Processors create the vast

majority of emissions, while manufacturers, which are responsible for only a minor portion of

total emissions, are forced by EPA to assume the burden of determining the health effects of

those emissions. The testing costs should be shared by those firms responsible for release to

the environment.

303413
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TABLE A

1,1,2-Trichloroethane Worker Exposure Survey

Company Number of Workers
Potentially Exposed

Qm.ufacturen:

CONDEA Vista Co. 42

Dow Chemical Co. 80

Formosa Plastics Corp. 16

Georgia Gulf Corp. 44

Occidental Chemical Corp. 36

PPG Industries, Inc. 125

Vulcan Materials Co. 44

Westlake Monomers Corp. 13

TOTAL: 400

hers:’
User #l 12

User #2 21

User #3 20

User #4 1

User +/5 18

User #6 4

TOTAL: 76

GRAND TOTAL: 476

Only one U.S. company manufactures
1,1,2-trichloroethane for sale to customers. The
identity of those customers is proprietary information.

338118
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TABLE B

Vinylidene Chloride (vDC) Worker Exposure Survey

Company Number of Workers
Potentially Exposured

Applied Extrusion Tech’s Inc. 6

ARCO Chemical Company 20

B.F. Goodrich Company 40

The Dow Chemical Company 136

DuPont 33

Eastman Kodak Company 40

Hampshire Chemical Corp. 18

LaRoche Industries, Inc. 12

3M 50

Morton Int’1 Inc. 130

PPG Industries, Inc. 125

Solutia 100

TOTAL: 710

338127
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5. POTEmmLN)Q~ExPosIJEE

5.1 OVERVIEW

1,1,2-Trichloroethane is predominantly a man-made chemical whose
presence in the environment results from anthropogenic activi~. This
chemical has also been identified as an intermediate in the biodegradation
of 1,1,2,2-tetrachloroethane, another man-made chemical. It is made
commercially by the chlorination of ethylene with chlorine or by the
oxychlorination of ethylene with HC1 and oxygen. It Is primarily used as a
captive intermediate in the manufacture of 1,1-dichloroethene (vinylidene
chloride), but may also be used as a solvent, especially in chlorinated
rubber manufacture. Production and use information are proprietary, however
effluent monitoring data indicate that high levels (>100 ppb) of discharge
are associated with’ laundries, and the organic chemicals and mechanical
products industries (Table 5-l). The maximum levels in these wastewaters
were 109 - 250 ppb. Gaseous releases include vent gas and fugitive
emissions from the production and use of 1,1,2-trichloroethane as well as ‘
volatilization from wastewater and municipal treatment plants. Releases to
soil are expected to involve the landfilling of sludge and process residues.
Thus far, 1,1,2-trichloroethane has been found at 45 of 1177 hazardous waste
sites on the National Priorities List (NPL) in the United States (VIEW
Database 1989). Based on the release pattern of other chlorinated ethanes
and ethenes, it is expected that the release pattern for 1,1,2-
trichloroethane is 70-90Z to air, 1O-3OZ to land, and a few percent to
water. No use with significant consumer and general population exposures
has been identified.

If 1,1,2-trichloroethane is released into soil, it is expected to
partially leach into the subsurface and groundwater (because it has a low
soil adsorption coefficient), and to partially volatilize. In groundwater,
it will be subject to anaerobic biodegradation, however no information
concerning reaction rates is available. Biodegradation is expected to occur
in sediment and landfills when anaerobic conditions are present. The
mechanism for biodegradation is reductive dehalogenation, which leads to the
formation of vinyl chloride, a human carcinogen (USDHHS 1985). From the
limited data available, biodegradation under aerobic conditions, such as
exists in surface soil, will be very slow, at best. In surface water,
volatilization is the prtiary fate process (half-life 4.5 hr in a model
river) . Adsorption to sediment, bioconcentration in aquatic organisms,
aerobic biodegradation, and hydrolysis are thought to be negligible by
comparison. In the atmosphere, the dominant removal process is expected to
be oxidation by photochemically-generated hydroxyl radicals, which proceeds
by H-atom abstraction (estimated half-life 49days). The radical so
produced subsequently reacts with atmospheric oxygen and other atmospheric
species. Removal from the atmosphere is also thought to occur from washout
by precipitation; however,

*.:
most of the 1,1,2-trichloroethane removed by this

.:.::
:.:: process is expected to reenter the atmosphere by volatilization. Because
........ oxidation in the atmosphere is S1OW, considerable dispersion of
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TABLE 5-1. Sources of 1,1,2-Trichloroethane Effluentsa

Concentr ation (DDb)
Industry Frequency Maximum Medium Low

Timber products
Organics and plastics
Inorganic chemicals
Plastics and synthetics
Auto and other laundries
Organic chemicals
Mechanical products ‘
Transportation equipment
Synfue 1s
Publicly owned treatment works

1

1
2
2
1
1
4
3
1
4

18.46
7.12
6.00

31.85
108.99
203.77
249.52

75.33
2.43

15.22

18.46
7:12
4T00
3.65

108.99
203.77

45.74
66.34

2.43
1.20

18.46
7..12
2.01
0.26

108.99
203.77

1.33
24.53 ,

2.43
0.42

aDischarges to water
Source: Shackelford et al. 1983
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1,1,2-trlchloroethane from source areas would be expected to occur. l!hus,
it is conceivable that 1,1,2-trichloroethane could be transported from other
countries where it may be more widely used.

...,.+.......:>:::
;:..
.“:::.

The general population maybe exposed to low levels of 1,1,2-
trichloroethane through inhalation of contaminated ambient air. Limited
monitoring data suggest that roughly one-quarter to one-half of the urban
population may be so exposed. Where 1,1,2-trichloroethane is found, levels
appear to be about 10-50 ppt. Results from a nationwide monitoring study
of grcundwater supplies show that exposure to 1,1,2-trichloroethane from
contaminated drinking water appears to be uncommon (Westrick.et al. 1984).
However, in a New Jersey sumey, 6.7X of the wells contained detectable
levels of 1,1,2-trichloroethane; the most polluted wells being associated
with urban land use (Page 1981; Greenberg et al. 1982). It iS difficult to
assess occupational ”exposure because data on current production ancluse are
unavailable. A National Occupational Exposure Survey (NOES) by the National
Institute of Occupational Safety and Health (NIOSH) through May 1988,
estimates that 1,036 employees are potentially exposed to 1,1,2- i

trichloroethane in the United States. Occupational exposure will be
primarily via inhalation.

5.2 RELEASES TO THE ENVIRONMENT

5.2.1 Air

1,1,2-Trichloroethane is emitted in vent gas when produced by the
oxychlorination of ethylene dichloride (Liepins et al. 1977). Environmental
releases of 1,1,2-trichloroethane from 1,1-dichloroethene manufacture are
small; an EPA study found no 1,1,2-trichloroethane in process vent gas
(Thomas et al. 1982). 1,1,2-Trichloroethane is formed in small quantities
and may be released in vent gas or fugitive emissions during the production
of other chlorinated hydrocarbons, for example, 1,2-dichloroethane and
1,1,1-trichloroethane (Thomas et al. 1982). Fugitive emission from its use
as a solvent and volatilization from wastewater constitute the major
environmental release of 1,1,2-trichloroethane. An estimate of the total
release of 1,1,2-trichloroethane was made for 1979 by comparing ambient
levels of 1,1,1-trichloroethane and-1,1, 2-trichloroethane in urban air and
releases of 1,1,1-trichloroethane (Thomas et al. 1982). The annual amount
of 1,1,2-trlchloroethane released annually was calculated to be 10,000-
20,000 million tons.

A correlation of data from the EPA Air Toxics Emission Inventory with
industrial source categories (SIC codes), shows that volatile emissions of
1,1,2-trichloroethane are associated with plastic materials and resins,
industrial organic chemicals, petroleum refining, gaskets-packing and
sealing devices, plating and polishing, residential lighting fixtures, radio
and TV communication equipment, electronic components, motor vehicles parts
and accessories, engineering and scientific instruments, photographic

57.,
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A6STRACT

The adverse effectsof chemicalson the !.mphoreticular
systemhave generated considerable toxicoioglca}i!IteWSt. In
this series of papers, the effectsof selectedenvironmentally
relevantcrxnpoundsare reported. This first paper describesthe
methodsand general approachused la judging a chemical’sPOM-
tlal risk to the insnune system. Rl\k evaluationwas approached
utilizingacute, 14- and 90-day studies. Both sexes of theU3-1
random-brednmsewere employed.The immune system was evaluatd
againsta background of more standardtoxicologicalparameters,
which includedfluid consumption,body and organ weights,h--
tology,serum and liver chentstries,hepatfc~icrosoma~ enzw
activitiesand blood coagulation. Bone marrow statuswas eval+
ated by assessing ONh synthesis. Humoral i~~ltYwas @valuaw
by determiningthe numberof IgM spleen anttbody-fomingcells
[WC) tosheep erythrocytes(sRf3C),the serum antibodylevelto
sRBC, and spleen lymphocyteresponseto the B Cell mftowh
lipo~lysaccharide(LPS). The statusof cell-mediatedIwmsnity
was assessedby quantitttlngthe delayed type hypersensitlvftY
(lJTH)responsetosRBC, prollferatlonof tttepopllteallymph
node, and the spleen””cellresponseto the T lymphocytemitogen,
Conc~avalin A (Con A). MdCrOphdgefUnC~iOOWaS evaluatedby
Wasurementof the vascularclearancerate and distributlonof
radlolabeledsRBC in the liv’er.spleen, lungs. dnd tlsymus,and
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recruitability,adherence,chemot~is, and pha~ytic activity
of peritonealexudate cells (PEC). Historicalcontrol data from
six 14-and 90-dajfstudiesconductedover a one year periodare
given. The dita resultingfrom these types of studies can pro-
vide a basis for the initialevaluationof a chemical’sadverse
effect on the imnunesystem.

lllTRODUCTION

The adverseeffectsof chemicalson the organs,tissues,and

cells of the ly?nphoretlcu]arsystemhave receivedconsiderable

attentionfrom both toxicologistsand Itmnunologists.This inter-

est Is well fomded since the Inrsunesystem has bee)f.shomto be

the tdrget organ of certainchemicallyand physics’llydiverse
~mpWn&l,2,3

. Th.f$system, like all other system in Use

body, is complex,with several typesof cellsworking both inde-

pendentlyand In concert,to carryout a role’in homeostasis..

Iumunotoxicol~ is a sub$xtgafning increasedactivity and... ...
dwarene& beca~sethe physiology arsdbiochemistryof the Mnune

Systens die tsowbeingsystewtically dissected;as aresult,’the

bas~c processesinv’oluedin host defensemechanismsare better

understood, Asecmd reason for the interestin Ismnunotoxlc&

logyls “Mat it representsa systamln ~hich thecellsfrm

exposed.inlmlscan be readilyremovedand their function(s)

exaOlfned’in fjtro, This Is l; keepingwfth.~ directionthat.—
toxicolo~ is taking,f.e.,

)$“taplementingmrphoiogical changes

, ....
:,

. ..

.’
. ...
.. . .

.. :. .. ..
:::J+w~th fur)ctionalaiterations. ~:..+.......*. . .
.........,., .llispaper,ksc~~bes theapproach we have taken in evalua- .;:!

tirlgthe hmnunotoxic~tyofChemfcals,inexperimentalrand~bred”.~’~~~

~iCe. Ttteeffetts ofa gives.chemical on the Imnunesystenwere)’:/:;;:
,,<:~’+investigatedagainsta.bwkgro~nd of $tandardtoxicologicalpr9:!k

I!’i.thisway, ~tsespecificityofthe iqlu~esystem as ;;;’~’ced_ures,
,,-;,.J.:i:,

: i

‘: “$?.a t.ai~etcould &’m&e.clearIy defined. Iiistorica]con&ol”data!.?
.-:$ ,;rg!ar@”PrOV;&d ?o~eti~h’of”tie”.assay$,Wiih the data prese&ed.a%..+

....
therne~”~;iu=~’’fri’id;liioti,”tiana?ysjs of uar~a~ce was”calcti+:~ -... , . .. .... ..,. %. ... . . ... . . .\.::..:,. . ... . ..

!>.,.,. ..... . ... ... . :,:&%..
,. .,., :.,. .,. ~......’ - .;?.$..,. ..~,
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Iatedon the cwrbinedexperimentsto deterlnlr,e‘f there were

significantdifferencesamong tiiecontrolvalues from exper*nt

to experiment.

EXWRIMENTA A9PROAG+

Figurel outlinesthe experilllentaldesiy which is Mwbeing

used toe’~al~atec~~ica’sfw ‘heir ‘arget‘rgan ‘axic’ty”.‘

After theconWJnd was selecte~f&st@y, unknown physical

and chemicalpropertiesof the chemicalwere determinedand

necesskrystudieswere perfomd ~ assu~ appropriateintegra-

tion into the in vivo systas. These data included:conflw-

tionof Identity,volubilityproperties,PH characteristics,

stabilityat Concentrations in the test SJ6tem, and purity.

Acute toxicitystudieswere perforwd on eightweekoldwle

md femalemice using ‘he route of admlnistrationwhichmst

closelyapproxiwtes hu~l exposumt ilwtinely~el~t al@W=e

used per group and at leastsix dose levelswere employed.
In

many of these studies,we isereconcerned ~ith envim=ntal

cheiticals that are lntrod~ed orally. The alce were exposedvia

& 18 gauge stainleSssteel stomachtube after18 M of fasting.

Thetaiceuere @tssenedh@rly for the firsteiqhtkurs for

behavioralchangesand morbidity,then twice dxily thereafter

for14 days. The enirsalsstill alive at tie efidof theex~rl-

nsentalperiodwere sacriflceff,and all mice wefe mecropsiedand

examinedfor gross patholo9Y.calcu~ationsof the LD50 @

slopesof the dose-respome curves with 95%c@f?dence limits

were performd bythe Pmblt Pmc~Um of Go@l@t4= The$e

data pfovldedthe basis for selectingtisedose levelsemployed

in the14- and 90-daystudtes,and began to indicatethe

possibletargetoryanls].

Fo]lowlngthe ~cute$tudies,a 14-day range findingstudy
Ifno”sex differernceiwere seen in the acutewas performed.

?..toxicity,only male mice”wereused. “A?+intthe re~ev~t rQ~*
.,.
...*. ;
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TABLE1
parameters Measured in a 14-.)aystudy~

StandardToxicoloW

Bcdy Weights
Necropsy- Gross Pathalagy
Organ Melghts
Hematology
SerumChemistries
Blood Coagulation

fmnotoxlcology

~. Humoralimmunity- spleenJ4FCresponseto ~~fiC
2. Cell-mediatedhnmity-i)TH response to”sfiBC .

r.

ControlValuesfor Body lA%!~;;{Grams]of Two MorsthOld
Male CO-lhiicea

●

Final I/eight lnitlalMXght Change fn Uei$t

30,0 * Z.a 24,2 k2.3 5.8 d 2.3

I

%oses uerebased on the acute toxicitystudy and were
usuallyl/10 andl/100 of LD50.

‘1,“.:<....’::,. ..

~ 1“

,:..,..,.,.,.,:-..... .!..!,.......,,.,.
;.;:.;,2:..
...
,.’.’:>;”“’.;”:,:}..:’,

...,,:........
.::7
..;;/:-.
,,.:,;<.;,,,,~..,.<
.,%..;..”:.:,$~,,

‘*al{@s-representthe mean *?$D of 334 controlsnaJeCD-1 mice .“..,’.:::::
derivedfrom six 14-dayexp@mnts. A1l veight,~~swere “’%’:
significantlydifferent(p 2 0.05] among the six experiments.” ~“~$$ ;,

-.. +j$$
: -v, >.:
;.:;?:3J.
&&

Tablt 7 Ilsts.thevarlables thatwere ~asur~ &-jng, and ‘,’~~$.

at the conclusionof, the 90-day study. Six sets

used to waiuate tiesevariables. The first set

necropsy(grosspathology],organweights,micros

function[l”~x~daseparameters,llverglutatiione”.

logy; coagulation; ’h~agglutination titer to sRBC

marr~ CNiA”synthesf.s.The secondset of mice uas
.:,$..,

,,::,.’......
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TABLE3
ControlOrgan tieigntValuesSf rdo Month Ola 14aleCD-1 Malea

Organ Neight [rng! S gody Hei$t Organ/8raiR

&rain WI =39
liver 1862 ● 294*
Spleen 170 ● 53
Lungs 214 ● 35
Thynws 79 *19
Kidney 522 *84
Testes 211 * 34

1.47 *0.15*
6.17 *0.73 4.26 = 0.74
0.56 ●0.l? 0.39* 0.12
0.71 ●0.11 0.%8* O*U7
0.2Li●0.06 o.it!* 0.U4*
1.73 *cl.20 ,1.19*0.15
0,70 ● 0.11 (3.44*0.07*

a!laluesrepresentthe mean ●SDof 68-70 controlmale CO-1
inicederived from six i4-Jayexperiments. All valueswere
sigflificantlydlffer~t (p < 0.05] amongshe six experir~nfi,
exceptwhere indicatedbyan astertsk.

TABLE 4
ControlValues for SelectedHensatological,Serum Chemistryati
BloodCoagulationParametersin Two Mnth Old Nale CD-I Hicea

ValuesParameter -

12.7 ~2,1Henmglobln[g%)

Hematocrit”{%) ““ 41.2 *2*5

Leukocytes(1031W) 7,44*2.76

lactatermhydrogenase (WL) ?26+195 ‘.

61utmnic-PyruwicTransmiMse (IU/L) 56.4 * 21.6

BloodUrea fiitrogen(I@) 27.2 ~4.8

%otilrombifi Titi {See}
8.4 * 0.8

FIMnogen (mg%~ 298A4~

s

a?aluesrepresentthe man* SD derivedfrom68 controlmice
All valueswere significantlyused in SIX 14-day studies.

dtfferent(p< 0.05} among the sixexperiwatsl...
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TABLE 5
ControlValuesfor Huaoral [mmuneAssessment

ifiTwo klontllOld )la]e&D-1 $licea

Parameter
values

SPleenWeight{q)
2G4 * 47

SpleenCell~ktir (X 10-8)
1.65~ 0,48

I@ fMc/spl.ian{x 10-5]
4.86* 3.18

rgt~~c/~@ Spleencells
,“ 2g04 * 1657

v,avaluesrepresentthemean * SD derivedfrom68 controlmice
in six14-~~ studies. Tbe antibodyforming cellswere efiume-
rate? on thepeak day of response (day4). All parameterswere
sfgnlf~cantlydifferent(p c 0.05) among the six experiments.

,.
TABLE 6

ControlValuesfor the OTH Respons@ to sR8C in Two Month Old .;

Male CD-l Mjcea

rarane~r
Value ‘.:.:.,.....

$tl~latiortI@dex
3.73 ~ 1.60

;,,...~....
...The,valuerepresentsthe me@/*SDderived from70 control mice ~.’.-’

used ill SiX ~klayst~ies. &alue of 1+97 ~a$ been ~uhtractd “:K,.-
fram each animalvalue to co~ect for non-specjficswellingas ;~i.,<;;.
describedinh?etiods.Therewas no significantdifference(p< ‘;;;+0,05} amongUlesixexperimnts, .::$:,I

determine$pleenAFC responsetosRW, spleencell responseto

mftO’g@fis,andserumchemistries. Assessmentofce]]~djat~

fmnunity,asmasur~by the DTiirespcmsettisRBC,was acco~ ~

pllshedtitth theth~rd set of inice,whi.lettief~rm set ofnice;~rn

was used to deteroine,wplitea?lymphnode proliferation. The”:#

fifthsek of mic:~@, usedtomeasum the functional acttvityo;j
. . .

. .. .. ...“ ...“,”
... ‘:.y

I

TABLE 7
ParametersMeasured in a 90-Day S~dy

A. StandardToxicology

i
3,
4.

5.

6.

7.

a.

8ody weights- twice ueekly
Fluid consumption
Jlecropsy- gross pathology
Organ weights -brain, liver,spleen, lungs, thymus,
kidneys,and testes I
Hematology- hewatocrit,erythrocytes,Ieukucytes,
differential,platelets,and hemoglobin
Coagulation- prothrambintime, activatedpartial
thromboplastlntime,and fibrinogen
Serunchemistrles - ?actatedehydrogwase,
pyruvictransaminase,glutarnic-oxaloacetic
alkalhsephosphdtase,bl(xsdurea nitrogen,
protein,glucose,cholesterol,creatlnine,
calcium,sodium, chloride,and potassium
Liver chemistries- glutathiooelevels

B. HepaticMlcrosomalMi’tedFussctioMlOxidase?arameters

1. Liver wei ht
72. 14icrosonaprotefn

3. P450 cantent
4. Cytochromeb5
5, Aminqyrfn&tideWthylase
6. )lnilln ehydroxylase

C. Cell Mediated huntty

1. DTH responseto sRBC
~ 2, Popliteal Iyu?h node prollferatiorito sR6C

3. Spleen cell responseto Con A

DOHumoral Imnunlty

1. Spleen AFC responseto sR8C
2. Serum antibodyrespansetosRE ,

3. Spleen cel”lresponsetoLPS

E.

glutausic-
transadnase,
total
phosphorus,

Functional Actfvfty of ttteRetialoendothellal$ystem

1. Vascularclearancerate of sREt
2. Organ uptakeof sRBC
3. Cheootaxis,adherence,and phagocyticactiuityofpEC

Bone tfarro~-

.1. Wisynthesis

.
. .
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the reticuloendathelialsystem,while the sixth set Of mice was

used to

18 show

PETHODS

study the number and functionalstatusof PEC. Ta41es8-

the controlvalues for CO-1 mice IPIthe 90-dd~ studies.

ExperimentalAnimals

Althoughthe mouse is currentlybeingused for sane toxico-

logicalstudies,the random bred rat his been the experimental

animalm& widelyused and consideredtobe the most appro-

priatefo’rtoxicologicalevaluationofchemial% and drugs,

Unfctrtunately,the physiologyof the rat~s imune system;ha~not

been studied or definedto the sane deWeeas that of themuuse

and man. The muse has been Use immunologist’smissalof choice

becauseof the ava~labilityof inbredstr’ains,,which has allqfed

for the developnentof specificimmunesera and fcm decreased :

anirnal-to-anhnal v~rfatlon. In addition,due to thehonogeneity
of the lymphoi:cells derfved fromgenetjcallysimilar Inbred ‘

nice, functionalte$ts CM be performd an cell samplespctoled (i

from severalanimals. ..“.,
As a compromise,the progranwe have developedemploysthe .

randanbred C“D-lmouse. Of the three conmerctalsourcesoffice”!.

we waluated,,onlyone ($ arlesRiver LWeedlngLaboratories,““ “~’:,
[Wilmington,MA) supplieci~miceof consistentqual~tyand te~era-~~:j

ment. Thismouse has been usedtx assess.theeffects ofckwi-’:~~,
,..,.:-.

CJIS on the imnunesystal,and with the inweased availa&llity. ‘:”........=
of mlcroassays,has become attractivefor the more routine ..:

toxicologicaltests. -.‘..,..,
......,::,y

Uporlarriva?,”all animalswere housedfo~ per cage il ~
.. .....:,..,!

plastfcshoebox cages containing$wdust bedding(M HardwoOd:~<~:;

$avdust,l.owvllle;NY). After the quarantineper’iod{l”ifays),.~@ti.

ani~als,wererandom~zeciand’wereindividuallyearpunched.:.Atij@_{’,
;. .,..+’”,:,%{ .

toxicitystudieswere performedon aglmal~eightweeks of ag&%#:..;
..,-..., ~:j.;i;:;~:j:;.... ...

,“
.*

,.
:,;.,. .:. ‘ fi

......
~,,.......

TABLt 8
control Ualues for B~dy~elght (~a’as)ofl”~ale~nd Female

CO-1 Mice Used in90-Oaj Studiesa

Final Meight Initial Weight Change in lJei@~

Males 39.3 *4.6 22.2 * 3,6 17.3*5.7

Females 30.6 *3.8 lg,~ *2,8 ]:.1 *4.5
I

a~aluesrepresentthe mean * Stlof 2811male and 288 femle
controlmice derived from six 90-day studies. All weights were
significmtly aifferent(p < 0.05] ~ong the six experiusents.

TARE 9
ControlHematology’Jaluesfor fia~eand FemaleCO-l ilice

in 90-Oa~ $tudiesa

Parameter Hale Female

Henwqlobin“(g%) 12.5 *2.U

Fhnnatocrit(%} 41.3 43.7

Erythrocytes{106/n#} “’8.19*1.59

Leuk&ytes {103/~3) 6.42 ~2.79

Platelets(105/~) 3.78 *0.90

Prothrombintine (see] 9.6 ? 0.7

Wr7

Fibrinogen(rng%

Differential:

Lymphocytes 67,2 * 15.8

Polytinrphonuclea;s(%} 30.0* 15.4

kionocytes(%) 3.8* 3.3

Eosinophils(%) 1*O* 1.3*

12.3 *2.O

41,4 *2.W

8.51 JZ2.05

6.37*2.94

3.60 *0.81

9,7 * 0.7

33.1 ~ 5.8*

211 *2!?

7;,7 ~ %0

1601 * 7,9
3,6 & 2,u

v

+jendto]ow yalues represent “thenean~ SO of 131 male’and
137 femalecontrolCO-1 mice derwedfrorn six 90-daystudies.
Differentlaivalues representt.hemean ~SD of88-92malk and ,
feraaleCO-1.mice,derfvedfrom.four subchronic90+@y studies.
All va?ueswere s~g~jf~=ntlydifferent{p< 0.05)among~he”
six cxnerfw~*c ,+VVPfn(ffrat.>ri ht, . . . -. - ~ !,,
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The lU-daystudieskmrt?begun on animalssix weeks of age, while !

fourweek old animals w?re used in %)-day studies. Hice exposed ‘

by gava~ewere maintainedon Purtna Lab ChU# and water ad Iibi-.—

turn. Those ~nimalsexpusedto the chemicalsin drinking#ater—
were maintaifledon Purina Lab Chow and chemicalsolutlonsad—
!ibltufi.Controlvalues for body weightsof the mice used issthe

90-daystudiesare presentedin Table 8, Animal roomteq.serature

was maintainedbetween21 and 244C and rel~tivehumiditybetween ;

40-60X, The light~darkcycle was maintainedon 12-hr inter?als.

If thechemicqlwas water soluble itwasp~aced directlyir ~
/

deiorrizedwater. Far the chemicals~hichwereuater iasOliJb]@,~ i

apolyethoxylatedvegatableoil, ensulphor(GAF 620, GAF Carp.,

New York,NY],was used as the Vehicle, Ten percentemulpharin

deiotsizeawaterw~s used to dtssolvechemicalsused in gavage

stud~es,while a 1% emulphorsolutionw;sused for drtnking

water studies,if necessary. Solutionsfor gavagingwevepre- z

paredfreshdaily,whflesolutivns for the drinkingwater were :

preparedtwiceweekly, Al? solutionsweremaifitainedin dark I

bottlesto alTalate possiblephato~ecomposition,GavagfngwaS”
t

done with an 18 gauge stainlesssteel feedingtube betwen the ~~ !

hWsoflO:OO andll:OOa.n. Sulutiim.far drifiingwater “..”.
studieswere placed.in#50-$00 ml amber coloredbottlescapped : “

with ~rk stopperscent Inirsgstaifslesssteel sippertube
#

inserts. All drlnking$atersolutions were analyzedby GLC’w?th.:-
●...-

Ihead spaceanalysisto determinethe stabilityof the compound ‘“”~,,:

over a three-to few-day period at room temperature, Fluid ~~.:

Con;umptianMas’calculatedbyweighlng the water bottlesat the .~

time solutionswtv’einitiallyplaced in them, thenweighingthe” ‘:“’

bottlesagainbefore solutionswere changedta determinethe ~~‘
...

; :;:!-.‘.
&nount.consumed over the three-or four-dayperiod, ‘+J ;
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themice were anesthetizedwith chloroform. SeVeral anesthetic

agentshave been tried, and the two that did not perturbany of

theparametersexamined, illCIUdirlg t/l@ nepaticmicrcscnfa]mixed

functionaloxidasesystem, were chloroformand sodiu~&re~fta~,

$odiumpentobarblta~and hexobarbitalperturbedJivermicrosomal

enz~nesand ether affected kae wality and amount of blqod dram

framthe animals(data not sham). Tileoloodtiascollectedly

cardiacWncture into a 3 ml P~astic syringefittedwith a 23

gaugeneedle. For the hematologyamd blood coagulationstudies,

the blood was collected into3.2% sodiumcitrate (1:10 citrate

tohlood). The sampleswere collectedwltfioutair bubbleswith~n

30 sec of the puncture. Me to twonl of bload were routinely

collected&y this methcd. Thzblood wasasaintaineda~ 4-C and

leukocytes,erytirocytes,and P?atelet$were er.umeratedon a

Coultercounter,140delZB1. plateletcountswere determinedon

platelet-richplasma by a modificationof thenetNs ’&8u]l ‘

etsl_.5Leukocyted{ffereotialswere evaluatedusing the StM-

dardWright’s-Gfemsastainingprocedure, wa~critswere

performedon a micro-hematocritcentrifugeand hemoglobins

determinedby the cyanamsthemoglobinmethod.The plas~was

separatedfrom the cellular ele~nts by 800 xg centrifstgation

.at4*C, The plasmawas used to evaluatethe statusof tbe Coa9u-

latfonsystem. Prothronbintif@s~ere performedto assess

extrinsicacti?ityand activated partial Usromboplastin;times

(APTT)tiereperformedto assess intrlnsicactivfty.Th&e

assayswere dome on a B13LFibrometerusing GqaeralDiagtiostics

reagents(B&ltinsore,Hi)). Fibrinogenlevelsweredeterm~nedby

the kineticmetiod using Oade k)iagnosticsreagents(Miami,Ft.}.

contra]historicalhematologic”andcoagulationdata fr~!si~

90-day ’studies are shown in Table9. Theonly parmeter showing
.

a sex difference.was,thefi$rlfiogenlevel,where the t’enaleshad

a 25% l,:~er level thanthe Males.

.,. I
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lmediatelyafte~”tfleblood sainplewas dram, tne liverwas

examined,removed,trinmed,weighed, and if needed, a section

was removed for histo~thological examination. The remaining
livertissuewas homogenizedand amicrosomal fractionwas pre-

Par@5for lnalysis. One femurwas removed and the bone marrow

collectedfor analysis, A completenecmpsywas then performed
and thefollowingorganswere removed, trinwred,and weighed:

brail, liver,spleen,?ungs, thynus,kidneys,and testes.

Samplesof thesetissueswere fi~ed lnlO%buffe:~d formalin

a]ongwith the heart,Ilesenterfc]ynph nodes, striatedmuscle,

stonrdch,ileum,jejunum,colon,bladder, ovaries’,~zwwjadrenals.

The rest notablesex differencesin organs weights were in the

brainand kidney{Table 10). The brain was 28Zlaqer in the

fema}ewhen calculatedon a percent!wdyweigt basis.The

kidneywits17%and 3!i%largerin them?aletihencalculatedon a

percsntof bodyweight and organ to”brainratio,respectively.

Preparationoft.ficrosoma

hmediately”followingsacrifice,Iiverswere removed, ‘I
weighed,thoroughlyrinsed,and homogenizedin 9 volumesof ice

cold 0.15MKC] - O,OUlpotassium~osphate buffer (pti7,4) ushag,1a teflonglasshomogenizer,and centrifuged at 9@)0 xg for 20 .“’. ;

min. An allquotof the~ernatant fluid wissremoved,carefuliY,

iavo’fdingthe top lipid la r, and recentrifugedat 105,UW.1xg ‘:~~.:

for 60min. The resultingpelletwas rinsed and resuspendedirij~~”’

0.05[1potassi’umphosphatebufferto obtain a concentrationof “!
::

... 4
approximately2 mg proteinper mg of buffer.The proteincomcefi-,:~ 4

trationof the microsomalsuspensionwas,determinedby the j“..,,,
rsethocfofLowry et al.6—— , using human serum albuminas the ~’~<’

standard,
.,.,<;.JJ+.
“+$b”.:iwr..“ .,.,--

; .ili

,?>.:~:
,.

DrugMetabolismAssays &’ ~....

Substrateswere selectedas representativeof Type i (andn&? ‘~,
~.$.

pyrime)ancl”l’ypei~ (anilini)Cytochromep.45a-&pende~t~{xe$:.+ ;;...
.:.-:-.. g,,-.>

IMNLSNOK)XtCDLOC!GL lIVESTIGATIONS IN

TABLt !0

THE KOU.SE 313

Control Organ ideighLValues for CO-1 Mice
Used in 90-ilayStudiesa

organ Weight ;mg) Z Body }{eigtst GYgafl/Brain

iWLE5

&ai n

Liver

Sp1een

Lungs

Thymss

Xidney

Iestes

Brain

Liver

Spleen

Lungs

Thynus

Kidney

499 * 39 1.27 * 0.14

2057 * 249 5.17 ~ 0.53

167 * 69 0.42 * 0.16

234 h 36 2.59 ● (Jo@

45 * 14 0.11 *0.03

650 ~ 132 1.64 ● O,MI*

26(3* 41 0.66 * O.IO*

FE14hLES

497 * 4; 1.63 ● 0.22

1526~ 242 4.97 *0,68

155 *45 0.50 * 0.13

2;6 ● 4Q 0.71 *0.13

54 ● 16 0.17 * 0.05

418 * 54 1.36*0.16

I

4.13 * 0.70

o,~ *O-14

0.4; +=0.07

O.w ● I)o~3

1.30 =0.20

0.52 *0.08*

3.10 * 0.59

0.32+ O.1O

0.44 * 0.09

O.11* 0.03

0,135*0.13

ava]UeSrepresentthe man + SD of i32 male and 138 female
controlCO-1 mice derivedfrm six W-daY studies. All values
were significantlydifferent(P < 0.05) ~ng tie six experi-
ments,except where indicatedby an a$terisk.

functionoxldase. Hlstorica} cofitroldata for drug metabolism

assaysare sho?n in Table 11.

AminopyrlneN-desm3hylase: The methodsof Cochin andAxel-

rod7were used to.measun the in vitro metabolismof amino-——
pyrine. A 25 ml Ehrlenm?yerflask cOntainin90.5ml cofactors

and buffer {7.5 umn~W3C12”6HZ0,17 SIkolglucose-6-pbos-

,
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TAJLE11
ilmt,t”olfaluesfor He@Lic Micro$omalNixed FunctionalOxidase
Parametersof Male and FemaleCL)-lilfce iJsedln9il-OayStudies

Parameter Unit Male female

MicrosmoalProtein mglg liver 23.4A 3,2 2C.4 *2.3

Cyt~chromeP450 nfllolhrgprotein 1.16* 0,259 0.98 *Q.184

Cytochroneb5 nmollmgprotein 0.41 ~ 0.U50 0.52 *U.C179

hninipyrineN- nnsol/mgprotein/ 10,6 * 1.7 13*I *2,1
Oe-~thylase nsin

Anil,ineH@ro~y?asenmol/mgprotlmin i,60 ~ ~:48 1.72 * 0,37

‘ValJesrepresentthe mean * Sllof44 male and 48 Femalemice
froolsix 90-daystudies, The means of the parameterswere sig-
oificafltlydifferent(p < 0.05) amng the experiments.

:.

phate,2 WOUI I!AOP,and 1 unit glucose-6-phosphatedehydrogenase

if10.5M pOtiiSShxnphOSphdl@ buffer,pH 7.4),0.5m] aminopyrine

(lO~no?), d~dl,Ond of microsma? suspension(2mgprotetn/ml’)

was prepared.81amkswere preparedsimilarly,except that amino-

pyrinewas omittedfrom the flask$. The flaskswere shaken for

1(.lmlnat 37*C at 12CJoscillationsper SIIlnin a gyrato~yshaker

bath. At the eod of the incubation period, the reactionwas

terminated by the addi~on of 0.6N perchloricacid. The contents

iwere transferredto cen rifugetubesand centrifugedat 2000 xg

for15min, orieml of Me supernatantfl~idwas added tol ml

of doublestrengthNash reagent(300 g amonium acetatednd2

ml ace’tylacetoneper literH20), and the color allowedto

developfor3(Jmin in a 60”C waterbath. SanplesMere cooled

,imediatelyand the absorbanceat 415 nm was recorded.

determinedusinga

of ani?irsetiClwas

1

$

.

I

AnilineHydroxylation: The GhydroxyJationof anilineuas ;“1

comparableprocedure, except tndt 16 ~mol ~“”””’
41

incubatedin the presenceuf cafactor and :+’{-:’>5!

,.

microsames. The reactionwas terminatedby additionof l.rjm]

of 20% trichloroaceticacid. Oi~eRI of the protein-freesuper-

ffatantfluidwas addedto 0.5 us!1C2 sodium carbonate,mjx~,

and added to l.Oml ~fP~@l~l re6YeJlt(2Z Phenol in fJ.2fi iJaOi).

The color was allowedto de~’eloPat37*C for 30mti an~the

absorbanceac 63(IJlmrecorded.

SpectralStudies

The methodsof Owra and Satogwere used tonreasurethe

content of microscunalcytochrodesP451)and b5. tiistori~~

control data are shown in Table 12.

CytochromeP450: lNicrosomeswere diluted to 1 fig protein

per ml inO.lM potassiumphospbatebuffer. Carbon ~~xide was

gentlybubbled throughthe Sdmplecuvettt!for30sec and a few

crystalsof sodiunsdithionltewere added to each cuvette. The

CO-differencespectrumof the reducedmicrosomeswas rgco~d

froni5t)0-400mmand cfiochrom@p45(icontefitwas calculatedfrom

the absorbancediffer+smce(DO 450 nutmirtusOD490Jsm) uslng91
-1n# cm as the mkiexcincticncoefticlefst.

Cytochromeb : Microsomeswere diluted tol mg p~qtein

periul buffer @ dividedequally into two cuoettes. The s~Ie

cuvette”wasreducedbyatfding4.4 ma? NPJ.NItn 0,01 ml H20.

The reducedvs axidlzedSpectrumwdsrecordedand cytochrorne

b5 content calculatedfrorathe tisorbanced~fference(00423

nmmlnus OLI~09”nm),USlsIg185 dhf-~cm-~ as,themMe~tjnC-

tion coefficfe~t.;
. .

.

Bone Harrow “ -;

The statusof the bane marrowwas evaluatedby determining

bone marrow&?ll:WA synthesis. in addition,booe marrowsmears

Mere preparedfor evaluationif marked changesin the parameter

occurred.Bme ~rrowcells were”addedto each well ofa 96-well

rnicrotiterdish;at6 x 105 cells/200vI. Twenty ~1 of a SOIU-
:...,

,..’
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tioncontaining0,1 ~Ci of 1251-Iododeoxyuridine(L251-[tJdR;

New Engl~d Muclear)in 2 x 10-5)1 Fluorodeoxyuridine (FUdR;

SigmaChmsicalCo.) was added to each tieil.At 60 and i.?OmliI,

triplicatewellswere harvestedand the cells were collected

onti filter disks with the aid ut a Titertekcell harvester.

Filt.erdiskscontainingthe *251-MIR incorp~ratedintoUNA

were r~dioassayedirIa Beckman 300 garnrnacounter. Figure2

show a typtcalincorporationcurve for L25l-lUdR into bone

marrowcel?s.As can ba seen, there is a linear incorporation
of 125

l-IUdRove~a3 hr Incubationperiod. A~rop~iate

studieswere perfornedto assure that 125I-lJdRwas incor-

poratedinto WM. Table12 shows controlhistoricaldata on

hone marrowDNA synthesis,

Serumand LiverChemistries

The semmenzymes, glutainic-pyruvictransaminase,glutamic-

okaloacetfctransmnlaase, lactatedehycirogenase,and alkaline

phosphatase~eredeasured klneticallyon the NIAl@j tiichromatic

analjzer(Abhottlaboratories,Dallas,7X}. These enzymeshad

b&n opthnizedfor tfwnwse as to pH and substrateconcentra-

tion, A-GEN7reagentkits purchasedfrom AbbotcLaboratory ~

DiagnosticDivlshn (South&psaclena,CA) Were used to determine

bloodurea nitrogen,total#otein, glucose,cholesterol,and

calcium,while Pfercereagent kits (PierceChemicalCo., Roch-

ford, [f) were used to measure phosphorusand c~eatinine.,lhese

chemistries,weremeasuredby endpointanalysison the abov&

named instrument.Sodium and potassiumions were measuredon a

flaiephotometer(h@rumntatfon Laboratmy 4$3), amk chloride,.’~fj

fensweremeasuredon a chlorldometer{8uchlerInstruments). ...!$..

.d

~:!$
The methodsof AIIow etal 11 uere ’used tomea$ure ]lVer “’~~.,.;-

— _“ ..5
g]utathkmecontertt.A mixtureofO.5 ml of lfiwrhomogenatefl?i

{described.preciously].arid0.5 d “of4%sulfosalfcylic &idwa&#.:
..

..4

centrifugedat 2000 xgfor 15 min. Two hundred U1 0$ protejri;.l,
“1..>.~,,,.“

.,,.. . . ;i-r:.’+,

.

..

.
,.-.,
. . .

.;

,:.~
‘...

. .
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li30 60 la Iio
TIME (mid

FIG. 2. The time course of incorporationof1251-iUdR into
home marrowcelts over a 180 ain period. See l+e~h~s---
for procedure.

TABLE 12
ControlValues for BoneMarrow ONASyflthesisfromiialeafid

Female CO-I Mice Used in 90-OayStudies~

Parisneter hlale Female,

ONASynthesls (60min) 16082 +4411 17246~ 4319

ONA Synthesis (120 nin) 29563 *6655 30224*8823

aya~uesrepresentthi~an * SO of 60male ml femaleinice
f~om six 90-day studies. There were no significantdifferences
(p < 0(U5J araongthe six.experiments.

:.,
::

,.
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free superrratantfluidwere added tc)2.Oml of 0,4 ntlEllman’s

Reageflt(5,5’-dithiobis-2-nitrobenzoicacid) in O.ll!potassium

phosphatebuffer,PH 8.0. Ten minafterrnixing, Lhe Jo$orhance

at 412 nmwas recordedand comparedto the absorbanceof glut+

thione standards. Baselinehistorica:controldata for the

serumand liverchemistriesfrom the ?O-day studies Jr@ shwfl

in Table13.

tell-klediated Immunfty

The functional stwus of both theafierent and efferentarms

of cellularimmuaitywas e?aluatedby measuring a D?tiresponse

to sRdc. .Sheeperythrocytesenslt.izatior iwas done onDayQ in

the Tefthind footpad (LFP]with 1 K 1# sftBCin avolume of

20 PI. Four days follca+ingsensitization, the rnlcewerechal-

lengedin the saaa?footpadwith 4 x1($ sRW in d volumeof

40 Ml. Seventeenhr fo?lowlngthe challenge,mice uere ~njected

~ntravekmslywith 0.3 al of 1251-humanseruJIIalbumin (1251-

HSA; 80,000 cpm/0,1ml; Mallinckrodt}.Twohr later,thensice

were sacrificedby’cervicaldislocatfooand both hind feetwere

rwoved at the ankle.jointand radioassayedin a gamnacounter.

[t‘has_been shown that ‘5 I-HSAwill extravasateinto tfwedmw

toos,areaproducedby aOTiiresponse(paraojpeand Buonell).

The righthind footpad (RFP)~serued~s a contro?for,backg~ound

infiltrationof 125 41-HSA. A; roupofrnicewhichwere msensl-

tizedbutcha?lenged IS shoveacted as unsensitizedcontrols to’

det.erminenon-specificswelling. ReWlts are e~pressedas a

stimulationindex{S1),whichwas calculated are Followsg

S[”= LFP sensitized“- mean LFP”unsensitized.
RFP sensitized RFP wisensltized....

Evaluation of cel@ediated inw~unit~usbtgthe footpadassaj’

~..-

,!:

>.
.,

.*: !.,

““krequires~”boththe,aff~rentarm [antigenrecognitionand process-”’”.x...:,. “.$::.~
Ing,bktogenesis) aid the efferentarm []jmphokineproduction,““Y<;$<;.:::::..

. .
:. .. ~.:..

., .,,
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TABLE 13
Control5erumand Liver ChemistryValues inl.la,eand Fe~]e

CD-l i41ceUsed in 90-Oay Studiesd

Parameter Unit $Iale Female

LOH

SGPT

SGOT

SAP

(i?utathione

BUii

Protein

G1ucose

Cholesterol

Creatinine

Phosphorus

Calciun

Sodium

Chloride

fotasshm

llJjL

. IUIL

IU/L

; lU/L

Pmo\/g liver

Ctgx

9
mg%

M
Ing%

nEq/L

IIEqll.

QEqJL

tiq/L

ofq/L

664 k233

44.6 ~24.4

84.4 *38.9

&i.1 *22.6

8.97 *1.79

27.7 Atj.g

7.13 *1*21

1613* 32

167+ 98

0.42 ● 0.19

8.40*2.01

12.0* 2.1

155* 10

1~ k 12

7.30 ● 0,94

bub * lb3

36.5 * 18.6

Y2.UA28.Z

62.4 * 29.?

7,85 * lofjfj

22.8* 5.2

?.556 l*o/j

137 ●24

120 ● 77

0.50 *0.23

$.M ●2*2g

11.7 *1.6

156 ●U

109 *14

6.!30=0.95

%alues representthe nean * SD derived from 70-i43metro]

CO-1 mice used in six 90-day studies. LOfi=lactatedeh~droge-
nase, SGPT=swum glutami~pyruvic transaninase,SGOT.serum
glutamic-oxaloacetictranSamin&e, s~=ser~dlkalfne,pfiospha-
tase,BUN=bIoodurea filtrogen. The means of each parameteruere
significantlydifferent(p < 0.05) among the +ix experi~nts~”

increasedvascularpermeability)Lo functionadequately.If an

experin!erntalchemicaldecreasesthe eltravasatioo’of125i-HSA,
it may be evaluakd as i~unoSQppreSSiYCin the cell-mediated ..

response. Houerer,thfsrmymt necessarilyhe trueif the CW.
“.

pound has anti-}nflarwmat4rypropertj@s.Todet+rtineffa chemi- ,< ;

cal affectsthe afferentarnrof the cellularres~yse, prOI~fW- ‘“”
,.,..
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ationof the poplitea
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lymphnode cells to sR9C was msa$urett.

Additionalgroupsof animals were used for this assay. They

uere subjectedto the same procedureJS were the OW aniri}als,

exceptthat 1 1/2 hr after challenge:hey received20 Pg/kg FUdR

intraperitoneall~,and2 hr afterchallengethey received1 uCi
of 125I-iUdR intravenously.125I-/iSAwasnot administeredto

theseanimals. Thesemice were sacrificed24 hr after challenge

aod bothpopll’teallymphnodes were removedand counted in a

ganvmcounter.: Nm-specific proliferationwas correctedfor and

am S1 was calculatedas describedfor the footpadassay. His-

toricalcontro~data for bath f~otpadswellingan~.popliteal

lynph node proliferationare shown in Table 1$.

LymphocyteResponsiveness

Thenitogens emp~oyed were Crn A, aT cellmitogen in the..
mouse,and LPS, aB cell mitogen. A 0,05 nl volume ofRPMI 1640

medium coi?talningelther1, 5, orlCl~gofCon Aorl, 5; or20

vg of LPS was placedin flat-bottommicrotiterwells and frozen

at -7U”C, ktnenneeaed,plates were removedfrom the freezer and

th~ed at room tensperatw’e. No differenceswere observe~between

Ntogen platesfrom and those freshlypreoared. To detect a

maxfmalrultogenresponse and to detect“anyshifts in the dose

responsecurve,threecon entrat.ions@f aitogenwere routinely
k?

used. ‘Y ..
. .
,.’,r!Spleenswere aseptica yrenwed frot?sniteand singlecell :: ,..

suspensionspreparedby pushing spleensthroughsterile 60-mesh“ “-
wire screensintoRPM 1640 media supplementedwith 5~ heat- “:

inactivatedfetal cdlfserum(H1fCS), 2 ~ I.-glutamine,100 ‘...

wg/ml penid~linandI dml strepbwcin. Thecellconce~tr~-;,~:~’f..
tion was adjustedto 5 % 106 cellslnlIn RPM medium SUP

mentedwith 10%HIFCS,,L,-g~utamioe”,and ”penclllirt-strept

One ten~ ml of the cell swipension was placed in t.ha~ed
titerwlls,crntainingnritogen;additionally,wells were

‘withoutmitogefito act as backgroundcontrols.... ,.
.,.
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TA8LE 14
Control Values for Cell-MediatedItomxmeResponse is kiedsured

byi.lTH and PoplltealLjmph Node Proliferationto sRt3Cin
ZMaleand Fe,maleCC-1 I+ticeUsed in 90-Oay s~udiesa

StimulationIndex Na1e Female
I

FootpedSwelling 4.13Z*2,05 4.61 *2.15

PoplitealLymph Node Proliferation 113.0* !.2’.1 12.0 *6,7*

afootpads~elling values representtilemean * SC of 103 male
and 104 female mice derivedfrom six W-daj studies. A value
of 1.95 for males and 2.07 for fema~es has been subtractedfrom
each animal to COrreCt for rum-scteclflc SWel]i!kg as described
in Nethods. Popliteal lymphnode data wreobtainet from th~e
gO-day studies using 29maIes drld32 females. 7ZIcorrectfor
non-specificIynph node proliferation,a value of 1.1 for nale$
and 1,3 for females was subtractedfrom eaci animal. The means
of each paranter were significantlydifferent(p < 0.0s) a~ng
the iixperimms, except tiere indicatedby an ~steri$k.

The plates were then placedin a lO% C02, 37”C humidified

incubator;-After 48 hr, 0.05 Ml Of t radiolabeledsolutim was

added to each well, This solutiomcontained125MJdR (4
pCijinl)and FUdR {4 x 10-6M]. The plateswere reincubatedfor

18:2r)hr,at which time the cells were collectedon filterdisks

using a Titertekcell hamester. The filterdiskswereth~

countedin a gamma counter. There are tic? fngvedientsWith

were essentialfor this assay to wwrk:heat-inactivatedfetal

calfserum and FUdR.’

Histcwicalcontrol data for lymphocyte respoi?sivel)esstO

Con A andLPS are ShOWn in Tdble15.

\
Wnoral Inn-amity

“ HemolyticPlaque Rssay Th&method used in our laboratory

to detectAFC was the Cunninghammodificationof the Jerne
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TAi3LE15
ControlYalues for SplsenLymphocyte!lesponsivenessto Con A
and LPS in Male and Fenale CD-1 Plic?Used in 30-Oay Studiesa

Parameter Hale Feina1e
{cyn/5xlO~ cells)

I@mitogen 77?8 +4959 10179 *6601

Con A {1 uq~ 91654● 58212 118697 *53177”

Con A (5 ug) ; 165116 *6L3393 195746 *62703

Con A (lOvg}i 5592(1* 74316 513:: * 74816

LPS (1 Mg) 51064 *33W 83905 ~42547

f.Ps {5 Ugj 53138* 33172 90994 * 41820

LPS (20 Mg) 49571 * 34632 83618 * 44002

.
~alues represent themeau cpms* SD derivedfrwn75 male and

femalemtrol CO-1 mice used in five W-day studies.The means
for each parametw were significantlydifferent(p c 0.05}
dmongthe five experiments.

+

PlaWea=a+2. igNMCWre enu&rdted4a nd5d~sfol]0w-
“ ing..intraperitonealimnIJoizationwith4X108 s!W. Data are

gresented asAFC/106spleen cells an’d also as MCispleen.

Historicalcontroldata for$gtfAfC from.six9Qdaystudles are

shownin Table16. \..

Hemagglutfnation:Nice were inmunizedintrqeritooeally

Kith 1 X“109sRiKofIdayO. W day7, blood was collected

into3.2% sodiumcitrateas previouslydescr’ibed.h simple of

the plasmawasremitedand heat inactivated. at 56°C for 30 min.

..’.

. .. .

: .:

.,..
... .

>: ,,.,.
. .. ...

Serial1:1 dilutioriswere made in phosphatebufferedsaline Ih’ ‘:~~

nknd bottom96-well”microtiterplates to a flnal”volumeuf 0.3.;jj~%

‘d

....,,.7
ml.. To each wellwas “addedO.1 ml of a 43.5%sR8C.solution.’,ThW+

.$iliiil
‘:<$r “,

Pidtes wer@ covered-andplacedin a37*C knidlfied incubatiri’’”:%.+
.. ;..;:. .. ... ;>..j””

,..?.:.. ,...,” . .....
. .... .’,.

,.,. ,.,
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TAi3LE16
Coatrol 131uesfor Hulnorai- llmunity as:tiisuredoy SP16Y31 fgf4
MC and Hemagglutin4tionm !’a!eand Female ClJ-l Mice Used jfl

!Xl+lal Studiesa

Spleen !4eigfl!189 ● 51 171 *38 196 * 44 183 * 55*

SpleenCell
No. (xl@

IgMMCI
Spleen (x

lglWFc/lo6
Spleen Ce

1.67 *0.59 1.54 *1).44 1.68 *(),52 J.65 +0.52

3.15,$ 1.53 1.&i *o.94 3.54 *:.47 1.92 * 0,73
Q-5)

1851 * 488 1016*401 2i14 *73J 1~~ * 4]2
1s

Hemagglutination 9.39 *o.a9 il.63*1.o
Titer (L092)

dvalues pepesefltthe mean* SD derivedfrom 70 fena]e aud
male CD-1 mice used in six subchronic90-daYstudies. &ag-
glutinatia titersMere derfvedfroat48 nice u~eciinfour sm.

chronic90-day studies. The assayswere carried out as des-
cribed in Methods. Vheneans for eaChPariUaeterwere:signifi-
cantly different(p< 0.05} among theexperiments,except,~en
Indicatedby SJIasterisk.

fwohr later,the plateswere renovedaad placedonama~ifying ~

mirror to determineat whiti serum d~lut~onn? agglutination

occurs. ?le historicalcontrolcatafromfour90-d~ su~dies

evaluatingheinagg”~utlnatlonare shown tn T~le16. :

MicrophageFunction .

FunctionalAb~lttyof the RetfculoendothelialSystem (RES~

\Five ml of freshTydrawnsRac (5 XNlg cells~ral}were r~io-

labeledwit.h1 ki of sodiumchronate-51(New Eng?andNuclear) :

in a37*C shakerbath for30mio. After ch~matjq$ the~BC .,
..”



~2’4 I
UHITE ET AL,

were washedwith Alsever’s solutionuntil the supernatantwas I
v~rtually radioactivityfree. Unlabeledsl/BC(5x 10g/ml) \

were added to the labeledcells uotil the hematocritwas

approximately12%. The resultingcprnsHere 200,~0/O.lntl.

The sR8Cwere refrigeratedand used the followingday. Before

use, the cellswere washed to renmveany free chrzmiumwhich

was re!easeovernight,and resuspendedjn phosphatebuffered

saline(HIS}.

Mice used for evaluationofRES activitywere w’eighedand

placedfn shoeboxcages nsaintalnedat39’C. At Otime, O,lml ,’

of labeledparticle/10g body weightwas Injectedi~trwenous]y,

Ten Al blood sampleswere taken from the tip of the tall at2,

4, 6, 8, 10, and15.min. At 60mifl,mice $wresacrificed by

decapitationand selectedorgans collected. The blood samples

were put into1 ml of dlstflled water and radioassayed. Blood

clearancewas expressedas the phagocytictndex,which was

detertaiflecby the slopeof the clearancecurye.

Figure3 show: the time course of particleuptdcefrom the .;

selectedorgans. For a routine study,mice were smxlficed at ..

the plateauperiod (6Llminafter injection). Liver,spleen, “

Iu_@s,thyaus,and kidneyswere removed,we~gtsed,md counted ~

in a gansnacounter. Organ~~stributionws expnssed as percent”.i:

organuptake and cpmslrngtl~ ue (specificactivity), Control ~“
t

valuesfrom sin 90-daystudd’esare given in Table 11. :??:

Recrui?abllltyoffEC: 14icewere injectedintraperitoneally~$~. .,
with 1 ml of 10% Brewer’sthfoglycolate ori day 0. On dayS, the” j:.

ruice were sacrificedby cervicaldislocation,and the peritoneal.‘,~:

cauity was flushedwith ~OrIl of nin{mumessestttal nedium(MEM). :,;<~

The cellswre centrifugedat 300 xg for 10 rninand then sus-
........,,,
.,.~:+

$
.......
‘+s~

pe@ed in fresh ME)L A samplewas removedand enumrated on a’ ,Y2~

Coultercounterin the presence

therh@er-ofPEC recruited.

!:.
.. 1

..
of a lysirigagent to deternihe~~~{~

-,...’,.:...’..::!,,:....:.:<},... .......
?.‘4,. +’:..,..

-‘...’.

MiNUTES I

FIG. 3, The time course of particle uPtakein 1iver,sple~.n,
and lung. See Methods far procedure.

TABLE 17
Control Values for the Fuoctfonal Activl ty of the RE5as

!le~ured by Yasculw and Organ C~earaOCeof Cr-51 L&eled WX
in Hale and Fanale CD-1 ~lce Used lfl9C-DayStudiesa

Hale
Paraneter

Fema1e
Z Uptake Cpmhg % Uptake cpJWnliJ

—.
PhagocytlcInde” 0.10 * 0.05 0;11 ● 0,07

Lher 49.6 * lL.1 217 * 66 5?.6 * 10.5 247 ● 69
Spleen 8.81 ● 4.06 552 ● 299 W.6 * 6.2 493 ● 3?2
Lung 1.31 * I.il 43 & 46 1.27* 0.93* 35 ● Z;j

.TbymJs .~ ● .UQ 4*3* .010= .007 6*6

Kidney 2.29 ~ l.1(1~ :.30k ~J 2,27 * 0.79 36 * Ij
;,. ‘.

alfaluesrepresentthe mean * 50 derivedfrom.95 control Co-1 ‘ ~
mice used [n six 90-day studies.’ The means for each parameter

~jkme significantlydlffereflt(P < 0.05) amongthe six~perl- ,,

: ments, except where fndlcatedby an asterisk,
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!
Phagocyticktivityof PEC: PEC were collected,resuspended,

aridcountedas described?.Iwe. Cell concentrationswere

xfjustedto 2 x 105/mland 1 ml samplesadded to each~~ellof

a 2$-well Costardish. Plates nere incubatedfor onehr in a

humidifiedC02 incubator(37’C). The mediufi was decantedand

the adherentcellswere washed ~ittiMEN. Toe&ch Nell was added

5 W1 ofchronmted sRBC (-100,000cpII/preparedas described

above,which had been opsonized with mouse lgG. The adheredPEC

and 51Cr sR8C were incubatedForIO, 20, 3(I,and 45 min. The

plateswere thenwashedonce with distilledwater aqd then twice

with medium to removeany adheredsR8C. One IfNaC#l.(1 ml) was

then added to eachuell todlsso?ve thePEC and them the con-

tents of the wells Mere coimted h a gamma counter.

Adherenceof,TC: PECwere collected,resuspertded,and

countedas describedpreviously. Cell concentrations‘were

adjustedto2 x lCJ5/mland 1 ml sampleswere platedfn each

v well of a24-well Costarplate. The plates were incubatedfor

13-24 hr in a 37*ChumidiffedCU2 incubator. The cellswere

theowashedsxtenslvely,scraped from the plates,and counted

on a Coultercounter.
... ChemotaxisoffEC: Chemot6xtsof PECwas measuredin modi-

fiedblind well 8oydenchambersus]ng j3 mm Sartoriusmembrane

fl]ters.asdescribedby La$~ifiet al u Varyingnumbersof ,:.— —“
cells (1 to 2 x 106cellslrn~)were placed in the upperportion .~~:

of the,chamberlwfth vehlc~eor chefioattract~nt(endotoxinacti- ~

vatedmouse serum)fn the lowerportion. After incubationat ‘~
37*C for4 hr, the filterswere removed,rinsed in methanol,and;!

,..
fixed In formalinuntilstai’ned.They were th.enp?acedon glass :’
slldes,stainedwith hematoxylln, rinsed, dipped in 0.1% Ntt40H ‘:~~

forl rein,and rinsedin distll?edwater. After processing
“$through95% ethanol,absoluteethanol,and isupropaml, the ,;,

iii

filterswAre clearedinxyleoe, mountedon glass slides,and .; +
.’ .....,+...

:.),>.. !,:
;:
.,
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1A8LE 19
Control values for p~~ p~r~meters iII ifa~e and Female CO-I Mice

Us&d in ‘30-0aY5tudies6

Parameter ila1e Female

Recruitab?ePEC (x l&7j 1,(Jx .11 2.0*.17 I

AuherentWC (x 10-5) 2.6 ● .08 2.6 * ,~6

Chemotaxfs(eel?slf~eld)
No Chemoattractant 22.6 ~6 26.0 * 6
mm 1: LO; 167 * 27 68 * 10

b

Phagocytosisof Ab-5]Cr sWJC (CPM)

M minutes 596 = W 354 * 58
20 minutes 1086 ●182 449* 6ij
30 minutes 1420 * 216 6~ k 83
45 minutes 1693 ●233 705 * 112

a~a~uesrqresent t~e~an * SO of 32 male am!femaleCO-1
mice, derivedFros three 90-day studies. EANS E endotoxin
activatedmouse serm, Ab-slCt’sRaC= 51Cr labeledsR6C
opsmized with mouse Igsi.

dried, Using atilkonmicroscope

980 Image Analyzer,20mfcrogrid

interfacedwith an ArtecModel

fieldsware counted,

Historicalcontrolvalues for pECpmsmeters aregiven in

Table 18,

StatisticallEva7uatton

If a one way analystsofvaria~ceof the meansshowedstudy

to study differences,a Ouncan’$ MUltiple Range Test was per-

formed14. Va]ueswhich differ from study tostudyatp < i?.o5

were consideredstatisticallysignificant. Eachof the values

~epr~ents the mean * SE.

“~iSCU5S10N

!.fe have dwseu to,approachthe prohleffofevaluatirngthe

effectsof chemicalson the ?ynphoreticularsystemfroaa toxi-

.
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colcgical vkwwint. Acute, 14- and 9il-daystudiestiereutilized I
for each chemical. The acute study was used to aid inselectlmg 1

dosesfor subsequentstudiesand suggesting passi~le toxicologic.

cai targetsites. in the 90-day studies,both male and femle

mice were used. The outbredCO-I mouse was our dn:mal of chofce

and, as an outhredstrain, the increasedanimal-to-animalvaria-

tionwas acceptable.@e to the random genetic backgroundof the

nice,many of tte parametersmonitoreddid not fall intoa nonn-

a?ly distributedresponse, Most notable YS the varia~ionin the

numberof WC respondingto SW fn control animals,~There
appearto be at leastthree aistinctpopulationsof a~inrals:

low responders,medium responders,and high responders,In an

attemptto circumventthis problem, a large numberof mice was

used for each trealxnentdose and for each parameterevalwted.

The effectsof a chemicalon the iwnunerespmsewrere not

studiedindependently,butalalgwith d&ltitude of stand,ard ‘.

toxicological ~arm?eters,Thisresultsin snore conpleteover-

view of the chemical’s effect. 10 e?aluatirag the effectsof a :’

compound, specifically on the immunesystem, fiot just one, but ,:’

severalassayswere used in assessinghumoral inummity,cell- :

mediatedinwnunlty, and ntacrophagefunct$wa.

it has been our experiencethat historicalcontrolscan ornly{~.

be used as a guide. ~, repeatedlypointedout fn this paper, ‘.:.,,

experimentsusing the,~knestrain of mice, rjbt~ined from the :;~.
.->

same supplfer, and handledin an identicalmannerby the”safle‘;;::”....
peopleresul~sin controlvalueswhich will differ signjfj- ‘“”..:

cimtly fawn experimentto ex~riment at the p < Q.(J5le~elas ““~~’

determinedbya Onewayanalysfs ofvariafice, Thus, historica] ~:

controlsare only beneficialin establishinga data base. $hera.j~’:;i!l
,...

..
compar?ngdata for safetyassessmentOr evaluationof drug

.........=.>.
..+..+yi..c~-....=.,*!

‘i
.“.eftuts,one must coaparethetreat~rlt groups ta the appr~- :“’.i~~.

.. . . . ... . .
prlate concurrent controls used in thepctual study. .,,:;’;’.;.,?.”K

%
;::;:::‘,-.

. . .*
,-<J-,

.. ,.
,. . .

.,’
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Since the assays0Utl14edheW can be used tO evaluate the

statusof the lMWW Sy$teo in iimanner which is ~Udnttfiab)e

and reproducible,the assessment of the inmunotoxicityof chemi-

cals can be easily incorporatedinto routine ta~icitytesting.

These uet.hodshave been used in this laboratoryto evaluatethe

toxicityand iomlunotoxicityofsome haloqeflatedhytiocafi~ns
L~,L6}17.The follWin9

found ta be drinkingwater contaminants

four reportsuse these s~~amroaches to assess the general

to~ic;tyand inmunotoxicityoftwo other drinking water contami-

nants, trans-L,2-dichloraethykne (K} and l,l,2-trichloro-

ethane{TCE).
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TOXICOLOGY OF 1,1,2-TRICHLOROETHANEIN THE MOUSE

Kimber L. White, Jr., Virginia M. Sanders, Donald W. Ba~es*,
George M. Shopp, Jr., and Albert E. Munson
De~artment of Pharmacology and Toxicology

Medical College of Virginia/Virgin~”aCommonwealth University
Richmond. VA 23298-0001

●Department of Pharmacology
School of Medicine

East Carolina University
Greenville, NC 27834

. ABSTRACT

1,1,2-Trichloroethane(TCE) was administered to male and
female CD-1 mice to evaluate its effect on standard toxicologi-
cal parameters. Following determinationof the acute L050 (378
mg/kg in males and 491 mg/kg in females), and a 14-day range-
finding study, a 9D-day drinking water study was performed in
which the doses consumed were 4.4, 46, and 305 mg/kg for males
and 3.9, 44, and 384 mgjkg for females. The liver was a target
of TCE toxicity in both sexes as demonstrated by dose-dependent
alterations in hepatic mlcrosomal enzyme activities and serum
enzyme levels. The erythroid element of the female mice was also
affected, as indicated by significantlydecreased hematocrit and
hemoglobin levels.

INTRODUCTION

1,1,2-Trichloroethane(TCE) is one of the organic chemicals

detected in drinking water supplies at levels fromO.1 to 8.5

ug/11. It also has been detected in industrial effluents at

levels of 5.4 mg/12. TCE is used as a solvent for fats, ofls,
waxes, and resins and in the s~thesis of organic chemicals.

coPy@r C) 1985 by Marcel Dckker, kw.
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Rlso, In wdter treatment, small amounts of TC.Ecan be formed
..,!-,.i~.

duringchlorination.
..;.;.:. .,,.,.,..#v’,

All of the toxicologicaldata available’onTCE are derived ~’~;~

from short-term exposure (e.g.,
.,

a single i.p. injection),eLcept

for the gavage studies performedby.the NCI fcarcarcinogenicity

bioassays4. Acute oral toxic~”tystudieson TCE using both mile

and female mice have not been reported.Klassen and Plaa!

reportedthat the i.p;.LD50 of TCE in male mice is 242 mgfkq.

Smythetal 6 reported the oral LOXI in rats to be5fMl mg/kq ‘ ~— —’
and the dernalLd50 in rabbits to be 3730mg/kg,

(Nhef”toxicologica}studies onTCEevaluated the hepaticand ““,

renal effects followinga single I.p. injection,Hepatotoxlcity

and nephrotoxicityhave been Investigatedprlraarilyin mice and ~

dogs. Cellular infiltration,hepatocyteuacuolation, elevation .

of SGPT, and prolongedImomosulfophthaleinretentionIWe been ;::.,.

observed inmice5. Increasesin SGPT levels inmice.treated ‘“}”::

t.p. with TCE were even greater when the mice receive isopropyl ‘

alcohol or acetone’. fn dogs; mild centrilobularnecrosis,-

slight subcapsularnecrosis, and vacuollzationof centrilcbular

hepatocytes have been obse~ed in associationwith increasesin

SGPT levels8, [n experimentsdesignedto examfne.nephrotoxi-

city, thepresence of hyaiine droplets,nuclear pyknosls,hydro- V

pic degeneration,increasedeoslnophilia,tubularnecrosiswith .:

karyolysts,and loss of the epitheltumof convolutedtubules ~-j~:

~ave been reported inm!ce in assoc~ationwith alteredphenol- ~~~:.

sulfonphthalein(PSP) excretlon5. In dogs, tubular necrosis
.,..’.,:
-.:,,
.Ga

and decreasedPSP excretion have been observed after i.p. injec-

tion of TCE8.

The toxicologicalinvestigationspresented in this manu-

Scriptwere undertakento provide data that would assist in the “~

hazard assessmentof this chein!calin the drinkingwater. After “;,.
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sary for designinga W-day study in ~hich the cosymundwas

administeredio the drinkingwater. This manuscriptrepctrtsthe

generaltoxicologicalstatusof mice exposedorallyto TCE,

while the followingmanuscriptwill discussthe imune status

of these mice in relationto the toxicologicalftndingsg,

I

WTtRIALS AND METIWS

Details of the methodsfor thegewal t~~i~lo9iCal assafi

and historicalcontrolshave been fully describedbyklhite&
10

dl. fn the first articleof this volune .—

Chemical

1,1,2-Trichl~roethane(TCE},lots 070177 dnd 061197,was

‘purchasedfromAldrich ChemtcalCo. {Milwaukee,~1). The purity

was given as 95%. The structure was verifiedby infraredspec-

trometryand the purity verifiedby gas chromatography.NO

stabilizersor preservativeswere #resentw~th this CAemlcal.

ChemicalAdministration

SolutionsofTCE were pregaredfresh daily for the acute and

14-day studiesand the approprlate concentrationsuere adminis-

teredby gavage in a volumeof 0.01 mllgof body’~i!$t to

achieve the desireddose. Solutionswere preparedorIthe day of

administrationin a 1:9 (v/v]solutionof emul@or [(MF Corp.,

flewYork, NY) and deionizedwater, and maintainedIn dark glass-

ware.at4*C untilused. In the acute study, TCE was administered

as a single dose to male and female mice after an 18 hr fast,at

sevendoses trom200 ta 600 rglkg. IrIthe 14-day study, concen-

trations ofTCE were preparedso that each Wse r~celvedl1100
the LD50 was determinedin mice by the oral rwte, a Iq-day . >

.4

,~
\ and 1/10 the LC150daily for 1$ days (3.8 and38mglkg}. For the

range-findingstudy was performed to prDvide informationneces- 9Q-cta,ystudy,TCEwas diluted in deionized water tG achievecon-

~



336

centrations of O.CQ, 0.2, and 2.0 mg/ml and administered in the .“’#~~:
..

drinking water. These concentrations resulted in a delivery of.f%~

T
approximately1/100, 1/10 and 1/1 the LD50. The solutionswere.’~i~

maintained at room temperature in amber-colored bottles with ‘y::;
stainless steel spouts fitted through cork stoppers. Water “+J-

bottles were changed twice weekly.
,:.>.

Less than 10% of the TCE was ‘<-;

lost during the three or four days between bottle changes, as ;:.:
2-.”

measured by GLC with head space analysis. .,,
:*..;..&:

Fluid consumption during the 90-day study was estimated by ,U%~:

the change in fluid weight over the three or four day period *:

when solutions were changed.

?!

Twelve cages of control mice and ~. .;

eight cages of each treatment group for each sex were used to ;;~~

estimate fluid consumption. Chemical exposure was calculated

from fluid consumption and is reported as mg TCE/kg/day.’
F,u,d ~:;,

;&$:
consumption is reported as ml/kg/day. ;?.:

‘?.w-
-%-

Statistical Evaluation +:

‘4 If a one-way CU7a\yStS of variance of the means showed treat- ~~~
11ment effects, a Ouncan’s Multiple Range Test was performed . Z~-

%+::?
Values which differ from vehicle control at p < 0.05 were con- t~

.-
sidered statistically significant. Each of ‘thevalues represents:’(~”

the mean ● SE.

RESULTS
. .

!.- .“.”.

,:----
... . .-

. .-. -.
.,: &;-

..

:,”.%i$
,-,z.-
----.-

Acute Toxicity

,The acute toxicity of TCE was performed to determine doses

for use in the 14-day range-finding studies and to define a

toxicologicalprofile following exposure by the gastrointestinal

route. The LD50’s for TCE administered as a single gavage to

male and female mice were 378 and 491 mg/kg, respectively (Table ,

1). All mice deceiving doses greater than or equa] to 450mg/k9

1,1,2-TRICHLOROETHANEIN THE MOUSE

TABLE 1
Acute Toxicity (mg/kg) of TCE in CD-1 Micea

33

Sex Number of Mice L050 Log Probit Slope

Male 56 378 17.6
(344 - 408)

Female 56 491 13:7
(452 - 550)

aCD_l male and female mice were fasted for 18 hr prior to a
single gavage of TCE. The L050 with corresponding95% con-
fidence limits (numbers in parentheses) and the slope were
calculated according to the Log Probit Procedure12.

became sedated within an hour, while 10% of these mice lost

their righting reflex. At the end of the fourth hour, most ani

mals had recovered from the anestheticeffect of TCE and did no

appear to be in acute distress. Most deaths occurred within 24

hr, and no deaths occurred after 48 hr. Observationsfollowin

chemtcal administrationwere performed over a 14-day period. A

the time of death, necropsies revealed a dose-dependentirrita

tion of the upper gastrointestinaltract, with 100% of the mic

at the 500 and 600 mg/kg dose levels showing gastric irritatio

Fifty to 75% of the animals in each group had pale livers, and

up to 25% demonstrated lung damage as manifested be reddened or

hemorrhagicareas.

Fourteen Day Study

No significant differenceswere observed between the body
weights of TCE-exposed mice and cohtro~ mice Ova’ the 14-day

9avage period, and no exposur+related mortality occurred (dat

not shown). Brain, thymic, and testicularweights increased
Significantlyin male mjce dosed at 38 mg/kg when expressed on
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TABLE 2
Eiodyand Organ Weights of Male CO-1 Hice Exposed by Gavage

for Fourteen Days to TCEa

Exposure Body Percent
Group

Organ/
Wt. (g)” Organ Wt. (mg) Body Wt. Brain.

Vehicle” 27.9 * 1.1 Brain 408 * 15 1.48 ● 0.06
Liver 1699*92 6.09*0.23 4.21 ~0.24
Spleen 158* 14 0.56 ● 0.04 0.39 ● 0.03
Lungs 2;? ~:4 0.71 ● ().03 0.48*1).1)3
Thymus 0.24 *0.02 0.16 ● 0.01
Kidneys 458*33 1.62 ● 0.07 1.11 * 0.05
Testes 194 ● 9 0.70*0.03 0.48*0.02

3.8 mg/kg 28.1 ● 0.6 Brain 414 * 10 1.48 ● 0.04
Liver 1:;::;8 6.67*0.22*4.52 ~0.12
Spleen 0.52 ● 0.03 0.35 *0.02
Lungs l~;~;O 0.71 ● 0.03 0.48 ~0.02
ThymuS 0.25 *0.02 0.17 ● 0.01
Kidneys 460 ● 21 1.63 ● 0.06 1.11 * 0.04
Testes 19O*1O 0.68*0.04 0.46*0.02.

38 mglkg 29.8 *.O.6 Brain 453 * 9* 1.52 ● 0.03
Liver 1~~:~:3 6.43*0.09 4.52 ~0.12
Spleen
Lungs

0.52 ● 0.02 0.34*0.02
225 * 8 0.75 *0.02 0.50*0.02

Thymus 84 *4* 0.28*0.01 0.19 ● 0.01
Kidneys 489 ~ 16 1.64 *0.04 1.08 40.03
Testes 228*8* 0.76*0.02 0.50*0.02

aValues representmean ● SE derived from 12 mice per group.
bVehicle = 10% emulphor
*Significantlydifferent from vehicle at p < 0.05.

a totalorganweight basis (Table 2). When expressed as a per-

cent of body weight, or as an organ to brain ratio, no signifi-

cant changes occurred. Hematological,coagulation, SGPT, and

BUN values were all within the range of vehicle control values

(Table 3). Lactic dehydrogenase activity was depressed 21%

below control in ther38 mg/kg group:

...

.

1
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TABLE 3
Selected Hematological,Coagulation, and Serum Chem’

for Male CD-1 Mice Exposed by Gavage for 14 Days

33

stry Va ue
to TCEa I

Parameter Vehicleb 3.8 mglkg TCE 38 mglkg T

Hematocrit (%) 41.4 ● 0.7 41.9● 0.6 41.4* 0.7
Hemoglobin (g%

i
11.8 ● 0.4 11.6 * 0.4 ,13.1● 0.5

Leukocytes (10 /mm3) 8.25 * 0.68 7.31 ● O;61 7.47 ● 0.60
Fibrinogen (mg%) 283 k 7 ’280 ● 7 275 ● 9
Prothrombin Time (see) 8.3 *O-1 8.3 ● 0.1 8.3 *().1
LOHc (Iu/L) 1059 ● 47 954 * 55 835 ● 62*
SGPTc (IU/L) 88.3 * 9.5 82.8 * 12.9
BUNc (mg%)

59.2 ● 5.(
27.3 * 1.0 26.6 ● 1.6 25.2 *0.9

aValues represent mean ● SE derived from 11-12 mice per group.
bVehicle = 10%emulphor
cLDH = lactate dehydro enase; SGPT = serum glutamic-pyruvic

?transaminase;BUN = b ood urea nitrogen.
*Significantlydifferent from vehicle at p < 0.05.

Ninety Day Study

On the foundation of the data from the acute toxicity and

14-day range-findingstudies, concentrations of TCE in the

drinking water solutions were designed to deliver daily doses

equivalent to, and higher than, those administered by gavage.

The desired doses were 3.8, 38, and 380 mg/kg (1/100, 1/10 and

111 the L050) and the concentrations of chemical calculated to

deliver these doses in the drink?ng water were 0.02, 0.2, and

2.Omg/ml. The 380mg/kg dose was included as the data from th

14-day exposure indicated that higher doses may be tolerated.

I
The calculated time-weightedaverage doses delivered based on

fluid consumption and body weights were 4.4, 46, and 305 mg/kg
.“. for the male mice and 3.9, 44, and 384 mg/kg for the female mic,.

(Table 4). Monthly time-weighted averages for fluid consumptio

are also shown in Table 4. On amllkg basis, there was a 30%

decrease in fluid consumption in male mice drinking the highest
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TABLE 4
Time-Weighted Averages of Consumption of Fluid by CD-1 Mice

Receiving TCE in the Drinking Water for 90 Daysa,

Concen-
b

Days of Study Cumulative (Days 0-90)
tration 11~91 mglkgl ml/mouse
(mg/ml) 0-30 31-60 61-90M day dayc dayd

MALES

O 252~5 242 * 4 225 ~ 4 240 * 5 0 8.2 ● o.1
0.02 203 * 7 241 * 5 209 * 5
0.20 226 ● 5

219 ● 4 4.4 ● 0.1 7;8*0ii
254 * 7 207 * 5 228 ● 6 46 & 1.2 7.6 &O.2

2.00 162 ● 4* 152 * 5* 139*6* 153 ~ 9* 305 ● 18.2 4.5 *0.2* ;~

38
,..-,,,
‘“:.*+-.-....-..:.+y-.

!<.

5,2,. .
+-

. ?&
..: r,
. .

%

$
‘-i%
;~
.;,,.,,.,

.:.,.,
FEMALES ,....

0 230A5
.,-,.

171 *4 172 ● 4 193 ● 3 0 5,2 *0.1
0.02 192 ● 6 198 * 5 197 *4
0.20 206 ● 6 265 ● 6

195*5 3.9 *0*1 5.3*0.1 “
197 * 4 222 * 7 44* 1.3 6,0~o.1

2.00 184 ● 4 212 * 5 186 ~ 5 192 * 5 384 * 9.5 5.3 ● o.1
.

aValues represent mean ● SE derived from 48 mice in the control
(deionizedwater) group and 32 mice in the other groups. Means
were calculated for each month of the study, as well as for the
entire 90 days.
bAverage ml fluid/kg body weightlday for the period indicated.
cAverage m of TCE/kg body weightlday.

?dAveraqe m fluidlmouseldav.
*Slgnl~lcantlydifferent f;om control at p “<0.05. i

,, I
concentrationof TCE over the 90-day period. However, there was 1,~.?

..
no TCE-related change in fluid consumption for the female mice. ~-....

The growth curves for mice exposed to TCE reflect their
.
..:.:1

fluid consumption pattern. Male mice demonstrated a concentra-
,+

tlon-dependentreduction In weight gain (Figure 1). Although ::

the animals were randomized at the beginning of exposure and an <S.%.

analysis of variance among the cages showed no difference in

h

+,

body weights, there was an early”(day’,3)reduction in weight for .. “
.

the male mice receiving the highest ~oncentratlon of TCE. After ;,
this weight loss, these mice resumed a normal growth pattern, ~~ ‘

.
,“. ~,
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FIG. 1. Growth chart of male CD-1 mice exposed to TCE in the’
drinkingwater: c deionized water;fJ 4.4 mglkg delivered, 0.02 m9/
ml in water; o 46 mg/kg delivered, 0.2 W/Ml in Water; & 305 rn9/k9
delivered,2.0 mg/ml in water. There were 48 mice in the deionized
water group, and 32 mice in each of the TCE-exposed grouPs.

although they always lagged behind the other mice due to the

initialreduction. Over the 90-day exposure period, male mice

exposed to deionized water gained 12.Z* 0.5 g (mean * SE), while

the male mice exposed to 0.02 and 0.2 mglml TCE gained 11.8 * o=5

and 11.2 ● 0.6 g, respectively. Male mice exposed to 2.0 mg/ml

9ained 7.9 ● 1.1 g, which was significantly less than the control

group. In contrast to the males, the weight gain of female mice
exposed to TCE was not altered from control (Figure 2).

Organ weights for male and female mice are shown in Tables 5

and 6. In males, there were no significant changes in weights
for the brain, spleen, lungs, and thymus. On a Ingbasis, liver
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TABLE “6
:i;Body and Organ Weights of Female CD-l Mice Exposed to TCE ...~<

in the Orinking Water for 90 Daysa +,“,:

~>
TCE .

Parameter Deionized Water 0.02 mg/ml 0.2 mg/ml 2.Omg/ml fl

BodyWt. (g) 29.9 *0.4 29.8 *0.6 30.0 ● !3.8 31.2 & 13.6~’”f

Brain (mg) 528 ● 4
(% body wt.) (1.77)

Liver (mg) 1368 ● 41
(% body wt.) (4.57)

Spleen (mg) 132 * 6
(% body wt.) (0.44),

Lungs (mg) 213 * 5
(% body wt.) (0.71)

521 * 6 522*9- 516 ● 6 j~.
(1.76) (1.75) (1.66)*g:

,>.
1410 * 32 1318 * 54 1806 ● Q*;?:

(4.74) (4.39) (5.76)*-%

134 *4 117 *8 156 A 12@2
(0.45) (0.38) (0.49) ~i

..,-;
220 *8 215 *8 225 *6 ~~:

(0.74) (0.72) (0.72) ‘J~. .

Thymus (mg) 49*2 “
(% body wt.)

42*3
(0.16)

41*3
(0.14)

50*3 “,:2
(0.14)* (0.16) “t: ]

Kidneys (mg) 392 * 9 386 ● 15
(% body wt.>)

380 ● 13 430 * 10*”..’”’.
(1.31) (1.30) (1.27) (1.38)

aValues represent mean * SE derived from 23 mice in the de- I
ionizedwater group and 16 mice in the other groups. .

*Significantlydifferent from control at p < 0.05.

I

increasedpercent of lymphocytes..This shift was-probably due to-~.
1a minor biting problem among the male mice in the control and low.” .

dose groups, which resulted in a lower than normal percent of . f

lymphocytesand a higher than normal percent of po]ymorphonuclear
[

cells in these groups.

Hemoglobin and hematocritvalues of female mice exposed to

2.0 mg/ml TCE decreased 6 and 5% (p < 0.05), as compared to the

mice receivingdeionized water. Erythrocytes also decreased, but

not at the p < 0.05 level (Table 9). Platelet counts increased in
./ I
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TABLE 7
Hematology of Male CO-1 Mice Exposed to TCE

in the Drinking Water for 90 Daysa
!

345

Parameter
TCE

Deionized Water 0.02 mg/ml 0.2 mg/ml 2.Omg/ml

Hematocrit (%) 39.8 * 0.9 40.1 ● 1.3 40.3 ● 0.6 38.6 ● ().9I

Hemoglobin(g%) 13.8 *0.4 13.5 ● 0.4 13.4 ● 0.3 13.2 ● 0.3

Erythrocytes 7.70*0.24 7.71 ● 0.35 7.96*0.21 7.o1 *0.19
(1061mrI?)

Leukocytes 6.79*0.55 5.63 ● 0.48 5.42 ● 0.44 6.57 ● 0.66
(lo3/llu#)

Platelets 4.08*0.17 3.85 ● 0.29 3.80*0.22 4.05 ● 0.28
(lo5/mm3)

Fibrinogen(mg%) 292 ● 16 265 ● 20 273 ~ 1? 262 * 14

ProthrombinTime- 9.2 * 0.1 9.3 *(j.2 9,4 ● ().1 9,3 ● 0.1
(seconds)

APTTb(seconds) 31.8 ● 1.5 30.8 *0.9 29.0 *1.1 30.8 *0.9

aValuesrepresent mean ● SE derived from 23 mice in the de-
ionizedwater group and 14-16 mice in the other groups.
bAPTT= activated partial thromboplastintime.

all groups, but not in a dose-dependentfashion. A 48$ increase

in leukocyte number was also observed in the females. However,

the biological significanceof this is questionable, primarily

because the leukocytecount of the deionized water control group

1s at the low end of the historical control data accumulatedin

10. Fibrinogen levels increasedour laboratory (6.37 ● 2.94)

in females exposed to all three exposure levels, while prothrom

bin times decreased in the two highest exposure groups.

s:I
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TABLE 8
DifferentialCell Counts of CD-1 Mice Exposed to TCE ‘“

in the Drinking Water for 90 Daysa ,..

Exposure Percent of Total White Blood Cells
Group Lymphocytes. Polymorphonuclears Monocytes Eoslnophlls

MALES

Deionized 5303 ● 2.9 40.4 ● 2.9 5.1 ● ().6 1.2 *0.3
Water

0.02 mg/ml 58.2 ● 4.2 37.2 *4.2 3.6 k0,7 0.9 *().4 ,

0.2 mg/ml 61.8 ● 3.8 34.3 ● 3.3 2.9 * 0.8 1.1*()*3 “..

2.0 mg/ml 72.2 ● 1.8* ‘ 22.4 * 1.6* 4.2 AO.7 1.2 ● (3.4 “

FEMALES .,,
..

Deionized 81.0 ● 1.6 13.1 ● 1.2 -4_.o*o.5 1.9 * 0.5 ;.,..”
Water

0.02 mglml 74.4 * 2.2* 20.1 ● 2.2* 3.8 ● 0.8 1,7 ● 0,4
<m
~;

0.2 mg/ml 78.7 +2.1 17.0 ● 2.4 3.3 *0.7 0.9 *()*3
1’

2.0 mg/ml 81.1 *2.3 10.8 ● 2.0 5*7 ho*7 2.3 ~0.~

aValues represent mean A SE derived from 22-24 mice in the de-
ionizedw~ter

*Significantly

Sera were

group and 14-16 mice in the other groups. I

different from control at p c 0.05. ..1
● ✎

✍✌ ❛

- ...‘ I
-.I

analyzed for selected enzymes, ions, and other I
marker molecules, including glucose, blood urea nitrogen, and

creatinine. In all, 14 serum chemistry parameters were evaluated :

(Tables 10 andll). In the control mice, glucose, cholesterol,

SGOT, SGPT, and SAP were all slightly elevated compared to our

historical controlsl”. The serum chemistry values altered in ,

males,whichcould be considered exposure-relatedwere the 28%

I
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TABLE 9
Hematology of Female CD-1 Mice Exposed to TCE

in the Dri’nkingWater for 90 Oaysa

Parameter
TCE

Deionized Water 0.02 mg/ml 0.2 mg/ml 2.Omg/ml

Hematocrit.(%) 41.0 *0.3 40.8 *0.5 40.8 ● 0.6 39.’l* 0.5*

Hemoglobin (g%) 14.0 *0.1 13.9 ● 0.3 14.2 ● 0.2 13.1 ● 0.3*

Erythrocytes 8.36*0.17 8.39 *0.31 8.34 *0.20 7.75 ● 0.19
(lo6/mm3)

Leukocytes 4.34 ● 0.24 5.06 *0.37 4.88 ● 0.23 6.42 *0.44*
(lo3/mm3)

Platelets 3.76 ● 0.13 4.21 ● 0.11*4.12 ● ().164.19 *0.16*
(losllnn+)

Fibrinogen (mg%)

Prothrombin
Time (seconds)

188 ● 3 225.* 6* 211 ● 7* 209 ~ 7*

9.&j* 0.1 9.5 * 0.2 - 9.1+ oc2* B-o ● o.1*

APTTb(seconds) 33.1 ● 1.2 33.1 * 1.4 31.8 *0.8 36.5 *1.5

aValuesrepresent mean ● SE derived from 23 mice in the de-
ionizedwater group and 16 mice in the other groups.
bAPTT_ activated partial thromboplastintime.
‘Significantlydifferent from control at p < 0.05.

increasein cholesterol levels and the 61% increase in SAP acti-

vity in mice exposed to the highest concentration of TCE. The

exposure-relatedalterations in the fema’

Increasein cholesterol levels and a 63%

‘lty at the highest dose level, and SGOT

all dose levels (not dose dependent).

es included a 36%

increase in SGPT act’

and SAP increases at

Liver glutathione levels decreased dose dependentlyin males

‘xPosedto the two highest concentrationsof TCE by 16 and 28%
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TA8LE 10
.*

Serum Chemistry and Liver Glutathione Levels of Male CO-1 Plice”~~
Exposed to TCE in the Orinking Water for 90 Oaysa <G

Oeionized
,~

TCE .!

Parameter Water 0.02 mg/ml 0.2 mg/ml 2.Omg/ml~

Calcium (mg%) 11.4 *0.2 12.0 *0.Z 12.4 *0.2* 12.1 ●0.2*”

Phosphorus (mg%) 6.90 ● 0.206.91 *0.26 6.63 * 0.28 6.57 *0.26.,

Sodium (mEq/L) 146 ● 1 154 * 3* 149 * 1 152 *2*::
..

Chloride (mEq/L) 112 ● 2 111 *2 115 ~ 5 121 *4*’;.
..~::

Potassium (mEq/L) 7.49 * .21 8.32 ● .21* 6.84 * .21* 6.74 * .18*’.-

Protein (g%) 7.85 ● .23 7:77 & .24 8.03 * .23 8.25 * .27

Glucose (mg%) 183● 10 171* 11 185* 11 207● 15

Cholesterol (mg%) 305 * 15 304*21” 342 * 16 392 ● 22*

BUN (mg%) 34.1 *1.5 29.0*1.0* 31.8 *1.3 31.7 ● 1.W

LOH (IU/L) 638 ● 55 589 * 91 736 ~45 676 ~ 64

SGPT (lU/L) 62.3 ● 8.4 40.6 ~3.4 39.9 *4.3* 53.1 k8.3

SGOT (IU/L) 116.5 * 14.091.4*8.6 79.0*4.2* 104.2 *1O.5

SAP (IU/L) 53.0 *4.2 52.2 ~ 7.1 57.6 *8.6 85.1 *9.5*

Creatinine (mg%) 0.34 * .02 0.25 * .03* 0.31 * .02 0.38 ● .01”;

Glutathione 10.83 * .44” 9.96 * .52 g.w k .25* 7.77 * 21*:
(Umol/g liver)

1,
avalues represent mean ● ‘jE ~erived from 24 mice in the de-
ionized water group and 14-16 mice in the other groups. Gluta-
thione levels were derived from 8 mice per group.
*Significantlydifferent from control at p < 0.05.
BUN = blood urea nitrogen; LOH_ lactate dehydr~genase; SGPT =
serum glutamic-pyruvictransaminase; SGOT _ serum glutamic- 1
Oxaloacetic transaminase;SAP = serum alkaline phosphatase I

I
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TABLE 11
Serum Chemistry and Liver Glutathione Levels of Female CO-1

Exposed’toTCE In the Orinking Water for 90 Daysa

Oeionized TCE
Parameter Water 0.02 mg/ml 0.2 mg/ml 2.0 m

Calcium (mg%) 11.4 *0.2 12.1 ● 0.3* 11.9’* 0,2 11.7 ~

Phosphorus (mg%) ,7.17* 0.26 7.02 ● 0.34 7.22 * 0.30 7.04 *

Sodium (mEq/L) 166 * 1 ,163*3 162 ● 1 166 *

Chloride (mEq/L) 110 * 3 115 ● 4 116 ● 3 114 ~

Potassium (mEq/L) 7.66 * .15 6.96 ● .26* 6.51 ● .26* 7.22 *

Protein (g%) 7.58* .13 8.26 * .25* 7.95 ● .21 8.21 &

Glucose (mg%) 159 * 7 175 ● 7 167 ● 9 168 ~

Cholesterol (mg%) 219 *8- 223 ● 12 247 A 17 298 ●

BUN(mg%) 25.0 *0.9 32.4 ● 1.6* 25.8*1.429.2 ●

LOH (IU/L) 662 * 42 708 ● 66 768 ~ 59 806 ●

SGPT (IU/L) . 36.9 *2.2 49.8 *5.6 46.8 *7.O 60.2 *8

SGOT (IU/L) 83*5 117 ● 12* 107 ● 7* 107 ~

SAP (IU/L) 56.8 * 3.4 78.2 ● 4.0* 73.2 k 5.9* 68.8 ●

Creatinine (mg%) 0.38 * .02 0.40 * .02 0.40* .03 0.40*

Glutathione 8.00* .17 8.33 ● .18 7.594 .22 9.07 &
(umol/g liver)

aValues represent mean ● SE derived from 24 mice in the de-
ionized water group and 16 mice in the other groups. Glutat
levels were derived from 8 mice per group.

*Significantly different from control at p < 0.05.
3UN = blood urea nitrogen; LOH = lactate dehydrogenase;SGPT
serum glutamic-pyruvictransaminase; SGOT= serum glutamic-
oxaloacetic transaminase;SAP = serum alkaline phosphatase
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TABLE 12
Hepatic Microsomal Activities in Male CD-1 Mice Exposed to TCE

in the Drinking Hater for 90 Daysa

Deionized TCE
Parameter Water 0.02 mg/ml 0.2 mg/ml 2.0 mg/ml

Microsomal “ 23.8A 1.0 23.9 ● 1.5 ‘ 25.2 *0.9 22.8* 1.1
Protein (mg/g liver)

Cytochrome 1.129* .069 1.048* .046 1.11O* .072 1.030* .054
P-450 (nmol/mg protein)

Cytochrome b5 -.392 * .018
(nmol/mg protein)

.389* .019 .424 * .021 .387 ● .034

Aminopyrine N- 11.8 * 0.7 11.5 ● 0.7 10.9 ● 0.6 10.8 * 0.5
demethylase (nmol/mg/min)

Aniline Hydro- 2.03 ● .12 1.72 * .06 2.23* .09 2.45 + .25
xylase (nmol/mg/min) .

%
aValues

*

(Table

represent mean”* SE derived from 8 mice per group.

lo). Female mice exposed to the highest concentration of

TCE showed a13% elevation in glutathione levels (Table 11).

The effects of 90 day exposure to TCE upon hepatic micro-

somal activities are shown in Tablds 12 and 13. In males, there

were no perturbationsof microsomal protein, cytochrome P-450

and b5 content. Microsomal enzymes that demethylate aminopyrine

or hydroxylate aniline were not affected (Table 12). Changes did

occur with some of these parameters in the female mice (Table

13). Cytochrome P-450 content and aniline hydroxylase activjty

were reduced dose dependently,while microsomal protein, cyto-

chrome b5, and aminopyrinedemethylase.actiyitywere unaffected.
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TABLE 13
Hepatic Microsomal Activities in Female CD-1 Mice Exposed to TCE

in the Drinking Water for 90 Daysa

Deionized TCE
Parameter Water 0.02 mg/ml 0.2 mg/ml 2.0 mg/ml

Microsomal 22.4 * 0.9 22.1 ● 0.6
Protein (mg/g liver)

23.8A 0.6 I 22.6 ~0.4

Cytochrome 1.080* .029 1.014* .031
P-450 (nmol/mg protein)

.978 ● .029* .798 ● .0

Cytochrome b5 .491 ● .010 .454 * .014 .464 * .015 .494 * .~
(nmol/mg protein)

Aminopyrine N- 13.6 * 0.9 12.7 *0.5 12.4 *0.5 13.0 ● 0.
demethylase (nmol/mg/min)

Aniline Hydro- 1.74 ● .04 1.57* .07 1.50 ● .08* 0.92 + .w
xylase (nmol/mg/min)

aValues represent mean * SE derived from 8 mice per group.
*Significantlydifferent from control at p < 0.05.

DISCUSSION

There is increased interest in the chlorinated hydrocarbons

particularlythe haloalkanes and haloalkenes, since they have

been identified in finished drinking water supplies3. With the

discovery of previously unknown chemical dumps and potential

contaminationof drinking water supplies, there is a need for

more definitive toxicologicaldata assessing the potential

hazard of these contaminants.

The LD50’s for male and female mice for TCE administered by

the oral route (378 mgjkg for males and 491 mg/kg for females)
.“.,... {

“,‘?>?2 are slightly higher than those reported by Klassen and Plaa5

for the i.p. route in male mice (242 mg/kg). These values are



.

.
352

-:3$
?-

WHITE ET AL. ~;’
.1

t

Isimilar to the LD5(Ifor 1,2-dichloroethane(489 and 413 mg/kg fi.-
..

for male and female mice, respectively)id. Deaths from acute ..:_

Iadministrationof TCE and 1,2-dichloroethaneappear to result “::.j.

from depression of the central nervous system. In contrast, tri- “:‘“’I
chloroethyleneand trans-1,2-dichloroethyleneare much less

b

toxic than TCE with the LD50’s for males and females for tri-

chloroethylenebeing 2402 and 2443 mg/kg14, and being 2122 and

2391 mg/kg,-respectively,for trans-1,2-dichloroethylene15.

In the 14-day range-finding study conducted on male mice, no Z-,
definitive toxicity could be detected at doses of 3.8 and 38 mg/

kg. Thus, in the 90-day study, concentrations in the drinking -

water were established to deliver 3.8, 38, and 380 mg/kg. The

highest dose would represent an LD50 dose for males, if given as -.

a bolus. In preliminary preference taste tests, mice did not ,

avoid the chemical (data not shown); however, in the 9D-day

study, males, but not females, consumed less fluid when TCE was .,.

present (Table 4). This decreased fluid consumption in males may
C@

have caused a decrease in their growth rate. Based on fluid:& Iu ‘j
consumption, the males consumed a time-weightedaverage dose of

1
308 mg/kg/day at the highest dose level of TCE. Female mice

showed-no preference for deionized water over TCE-containing

water, as seen in fluid consumption data and in their growth

pattern.

The only significant dose-related effects due to 90 days of .. ....
exposurrto TCE in males was a de~reased liver glutathionelevel ~~.

and an elevation in SAP. There was also an elevation in serum .’-:I
cholesterol;however, since the control group showed levels

10 ‘1
higher than those usually found in our historical controls ,

the interpretationof these data is difficult. The reduction in 1

liver glutathione and the elevation of SAP indicate an effect on

the liver of males. However, there were no elevationsof SGOT Or ~jISGPT in males, which would be expected if an exposure of this ~#.J

duration resulted in liver damage. It maybe that the consump- - ‘

1

<

;!
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tion of liver glutathione protected the liver and possibly other

target tissues of male mice from the effects of this chemical.

This was not the case for females. Not only were glutathione .

levels not decreased, but they were elevated along with SGOT,

SGPT, SAP, fibrinogen levels, and liver weight. There was also

a decrease in cytochrome P-450 content and aniline hydroxylase

activity, which provides the basis for potential syrw?rgistic

effects with other drugs and chemicals.

In these studies, the lowest effect level seen in females

was 0.2 mg/ml (44 mg/kg), which resulted in a reduction of cyto-

chrome P-450 levels and aniline hydroxylase activity. The no

adverse effect level was 0.02 mg/ml (3.9 mg/kg). In males, the

lowest effect level was 0.2 mg/ml (46 mg/kg), which resulted in

reduction of liver glutathione, and the no adverse effect level

was 0.02 mg/ml (4.4 mg/kg).

TCE appears to have a short half life and little bioaccumu-

lation considering the fact that mice given the LD50 in the

drinking water daily for 90 days did not result in any deaths.

Furthermore, few other toxic signs were noted, among them being

loss of body weight and changes in liver parameters. This indi-

cates that TCE may not be a serious hazard in the chronic situa-

tion and that it”may be more important to monitor acute exposure

to this compound.
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REPORT ON THE BIoAssAYOF 1,1,2-TRICHLOROETHANE
FOR POSSIBLE CARCINOGENICITY

CARCINCGENESIS TESTING PROGRAM
D1VIS1ON OF CANCERCAUSE AND PREVENTION

NATIONAL CANCERINSTITUTE, NATIONAL INSTITUTES OF HEALTH

FOREWORD: This report presents the results of the bioassay of 1,1,2-
trichloroethane conducted for the Carcinogenesis Testing Program,
Division of Cancer Cause and Prevention, National Cancer Institute
(NCI), National Institutes of Health, Bethesda, Maryland. This is
one of a series of experiments designed to determine whether se-
lected environmental chemicals have the capacity to produce cancer
animals. Negative results, in which the test animals do not have a
in greater incidence of cancer than control animals, do not neces-
sarily mean the test chemical is not a carcinogen because the exper-
iments are conducted under a limited set of circumstances. Positive
results demonstrate that the test chemical is carcinogenic for ani-
mals under the conditions of the test and indicate a potential risk
to man. The actual determination of the risk to man from animal
carcinogens requires a wider analysis.

CONTRIBUTORS: This bioassay of 1,1,2-trichloroethane was conducted
by Hazleton Laboratories America, Inc., Vienna, Virginia, initially
under direct contract to the NCI and currently under a subcontract
to Tracer Jitco, Inc., prime contractor for the NCI Carcinogenesis
Testing Program.

The experimental design was determined by the NCI Project Offi-
cers, Dr. J. H. Weisburger (1,2) and Dr. E. K. Weisburger (l). The
principal investigators for the contract were Dr. M. B. Powers (3),
Dr. R. W. Voelker (3), Dr. W. A. Olson (3,4) and Dr. W. M. Weather-
holtz (3). Chemical analysis was performed by Dr. C. L. Guyton
(3,5) and the analytical results were reviewed by Dr. N. Zimmerman
(6); the technical supervisor of animal treatment and observation
was Ms. K. J. Petrovics (3).

Histopathologic examinations were performed by Dr. R. H. Haber-
mann (3) and reviewed by Dr. R. W. Voelker (3) at the Hazleton Labo-
ratories America, Inc., and the diagnoses included in this report
represent the interpretation of these pathologists. Histopathology
findings and reports were reviewed by Dr. R. L. Schueler (7).

Compilation of individual animal survival, pathology, and sum-
mary tables was performed by EG&G Mason Research Institute (8); the
statistical analysis was performed by Mr. W. W. Belew (b) and Dr. J.
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